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PREFACE 



The object of the "Hindu Astronomical and Mathematical Texts 
Series" is to bring out authoritative and critical editions of important 
unpublished works dealing with ancient Indian astronomy and mathe- 
matics. The present edition of Bhaskara Fs Maha-Bhaskarlya is No. 3 
of this series. 

The idea of bringing out the above series is due to Dr. A. N. Singh, 
late Professor of Mathematics, Lucknow University, who organised a 
scheme of research in the history of Hindu mathematics and astronomy 
in the Department of Mathematics, Lucknow University, with the object 
of collecting, studying, and editing important works on Hindu mathematics 
and astronomy. Under his able guidance remarkable progress was made 
in this direction and a number of manuscripts were acquired, studied and 
edited. In 1954 he submitted to the Government of the Uttar Pradesh 
a detailed plan for the publication of the work carried out under the 
above scheme of research in a series to be called the "Hindu Astro- 
nomical and Mathematical Texts Series". The plan was approved by the 
Government and a sum of Rs. 1000/- was sanctioned in the name of 
Bharata Ganita Parisad to undertake the publication of the series. In 
the year 1955 the Government of the Uttar Pradesh was generous enough 
to sanction the remaining sum of Rs. 9000/- to the Department of 
Mathematics and Astronomy, Lucknow University, for the said publi- 
cation. 

The scheme of research in the history of Indian mathematics and 
astronomy referred to above has been financed by the Government of 
the Uttar Pradesh through the kind help of Dr. Sampurnanand, its then 
Education Minister, for which we express our sincere thanks to them. We 
are specially grateful to Dr. Sampurnanand who, a great scholar of Jyotisa 
as he himself is, has been taking keen interest in the progress of this 
research and helping us with necessary funds and encouragement from time 
to time. 



R. Ballabh 
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INTRODUCTION 



This Part 1 contains the text with J English translation, 
notes, short comments, and explanations, where necessary, of 
the Maha-Bhdsharlya ("the bigger work of Bhaskara I") 2 

Sanskrit Text. The text has been edited on the basis 
of the following five manuscripts collected by the late Dr. 
A. N. Singh : 

MSS. A and B —Containing the text only ; 

MS. C —Containing the text together with a 
commentary entitled Bhasya of Govinda 
Svami ; 



1 The present work has been divided into four parts : Part I— 
General Introduction (containing a general study of the life and works 
of Bhaskara I) ; Part II— Maha-Bhaskariya ; Part III— Laghu-Bhaskar'iya 
("The smaller work of Bhaskara I") editedj^with English translation, 
critical notes and comments, etc.; Part IV— Bhaskara Ts commentary on 
the Aryabhatiya of Aryabhata I. 

2 Bhaskara I, the author of the Maha-Bhaskariya, was a different 
person from his namesake of the twelfth century A. D., the author of the 
Siddhanta-siromani and Lilavafi, etc. He lived in the seventh century of 
the Christian era and was a contemporary of Brahmagupta (628 A. D). 
He wrote three works on astronomy which were composed in the 
following order: (1) the Maha-Bhaskariya, (2) a commentary on the 
Aryabhatiya, and (3) the Laghu-Bhaskar'iya. His commentary on the 
Aryabhatiya was written in 629 A. D., i. e., one year after the completion 
of the Brahma-sphuta-siddhanta of Brahmagupta. 

Bhaskara I was a follower of Aryabhata I, the author of the Aryabha- 
tiya. His works provide us with a detailed exposition of the astronomical 
methods taught by Aryabhata I and throw light on the development of 
astronomy during the sixth and early seventh century A. D. in India. For 
details regarding the life and works of Bhaskara I, the reader is referred to 
Part I of the present work. 
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MS. D — Containing a commentary known 

Prayoga-racaria and also supplying the 
beginnings of the passages commented 
upon ; 

Mg. E —Containing the commentary Karma- 
cRpika of Paramesvara and also the 
beginnings of the passages commented 
upon. 

MSS A and B, which contain the text only, are in agree- 
ment in so far as the extent of the two is concerned. In other 
Tespects also they are almost the same. Both of them conta n 
396 verses. Agreement between the two manuscripts seems to 
indicate that they are perhaps derived from the -me sou- 
There are other reasons also for tlus conjecture. Verse in. 
45, which has been misplaced in one of them, occupy the 
same wrong position in the other also. Moreover, six and a hall 
W.whfch have been commented upon by Govmda Svaml 
,MS C), Paramesvara (MS. B), and in the Prayoga-racam 
(MS. D), and are included in the text of MS. C, are absent from 
both MSS. A and B. 

MS. C contains 394 and a half verses. Its text has evident 
gaps at some places, for a few verses, some of wl ch have been 
LLly commented upon in the commentary at their p op 
places, are missing from the text. These are amongst those 
verses which belong to MSS. A and B and have been explained 
in the Prayoga-racuna (MS. D), and in the commentary of 
Paramesvara {MS. E). 

MSS D and E contain commentaries of the Maha-Bhaska- 
rlva In these manuscripts only the beginnings of the passages 
commented have been given ; the Ml text is not given. 

The following table will show at a glance how far the 
above manuscripts have differed from one another : 

^TliTv. 18, 26-27(i), 47-48(i) ; vi, I4(ii)-15(i), 58(ii). 
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The edited text of the Maha-Bhaskariya contains 402 and 
a half verses, of which 387 and a half occur in all manuscripts. 
The remaining fifteen verses, which occur either in MSS. A and 
B or in MS. C, are of the following categories : 

(1) Those which have been commented upon by all 

commentators, viz. i. 8, 12; iii. 75(i) ; iv. 2(i); v. 
18, 26-27(i), 47-48(i); vi. 14(ii)-15{i), 19(i), 26, 
36(H), 41, and 58(ii). 

(2) Those which have been commented upon in one or 

two commentaries only, viz. iii. 74(ii); iv. 13; 
viii. 23-24. 

Inclusion in the edited text of the verses of the first 
category requires no explanation. Those of the second category 
have been taken as genuine for the following reasons : 

Half-verse iii. 74(ii). This has been regarded as genuine 
because it is relevant to the context and the subject matter 
contained in it has its counterpart in the author's smaller work, 
the Laghu-Bhaskarlya. It occurs in MSS. A and B and forms 
part of a passage [vv. 71-75{i)] which describes the occultation 
of certain stars by the Moon. This description is a statement of 
facts and hardly requires any explanation, which explains why 
the half -verse in question has been left unexplained by Govinda 
Svami and Paramesvara. The author of the commentary 
Prayoga-mcaria has simply paraphrased it. 

Verse iv. 13. The genuineness of this verse is evident from 
the mention of the word "athava" (meaning "or") in the beginn- 
ing of the next verse 14, which shows that verse 14 gives an 
alternative method. Verse 13 is thus indispensable, for if it is 
removed verse 14 would no longer be an alternative method. 
The author of the Prayoga-racaria, commenting on these two 
verses, states : 
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^skaMrMa etc. Hero the author finds the true 

daily motion." 1 _ 
"ariyajha etc. This is an alternative method. 

y J Paramesvara 
So also, commenting upon the verse i*, 

writes : 

"The author sets forth the method of finding the true 
daily motion by another method." 3 
Absence of the verse in question from the text of MS. C 
seems to be due to the carelessness of the scribe. 

Verses viii. 23-24. These verses are taken as genuine 
because they occur in MSS. A and B and have been mentioned 
inMSS Da y ndE. Moreover, they have been mentioned and 
fte examples contained therein have been solved vn MS. Cm 
tine exdmpca r «,nectivelv. It seems that 

Chapter I under verses 49 and 50 respectively 
like so many other verses these also have been left out from 
MS due to the carelessness of the scribe. There is no doubt 
Tat they were composed by Bhaskara I, because they occur in 
his commentary on the AryMMiya along with several other 
verses containing similar examples. 

There is one more verse which requires consideration 
here. It is not included in the numbered verses of ft* edited 
text This verse marked 24* occurs after verse 24 of Chapter 
VIII It does not occur in any of the available manuscripts of 
the Mah^BMslcmlya, but I have taken the liberty to include 
it in the edited text, though I have not given it any specific 
number. My reasons for including this verse m the text are 
as follows : 

(1) The preceding verse 24 contains an example which ; 
3 ?^^irm ; T ^ttt^^ i 
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unlike other examples of that chapter, is of 
an abstract nature. In order to give that 
example a concrete form, it is necessary to 
supply some such data as mentioned in verse 24*. 

(2) Verse 24 occurs in Bhaskara I's commentary on 
the Aryabhafiya 1 and in Govinda Bvami's com- 
mentary on the Maha-BJiasJcanya*. At both the 
places it has been followed by verse 24* and the 
two verses taken together are treated as form- 
ing one complete example. The example has 
been solved both by Bhaskara I and Govinda- 
SvamL 

Counting this additional verse also, the edited text of the 
Maha-Bhashanya consists of 403 and a half verses, which are 
distributed over the eight chapters as follows : 

Chapters I II HI IV V VI VII VIII 
Verses 52 10 74| 64 78 62 35 28 

Reading-differences. The question of deciding between 
differing readings of the text as encountered in the manuscripts 
consulted by me has in general not presented much difficulty. 
In my choice between alternative readings I have been guided 
solely by the criterion of appropriateness. My task has been 
simplified by the fact that the readings selected and accepted 
should give the correct mathematical interpretation of the text 
as well as should fit in the metre. 3 Quotations from the 
Maha-Bhaskarlya are found in other works. I have gathered 
together such quotations and this has helped me to verify the 
edited text in a number of cases. 



1 ii. 32-33. 

2 i. 52. 

3 Metres used in the Maha-Bhaskarlya have been arranged 
alphabetically at the end of the Sanskrit portion. 
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In some cases, however, alternative readings are possible 
and it may be that I have not given in the edited text the 
readings which might have occurred in the original. I have 
given in the foot-notes all alternative readings found in the 
various manuscripts consulted by me so that the interested 
reader may for himself decide whether the readings given in 
the edited text are appropriate or not. 

English Translation. The question of translating tech- 
nical material written in Sanskrit into English presents consi- 
derable difficulty. It requires a thorough knowledge of both 
languages which few can claim. My effort has been directed 
towards giving as far as possible a literal version in English of 
the text. The portions of the English translation enclosed 
within brackets do not occur in the text and have been given 
in the translation to make it understandable, and at places are 
explanatory. Without these portions the translation at places 
would appear meaningless to a reader who cannot consult the 
original for lack of knowledge of Sanskrit. I have tried my 
best to keep the spirit of the original and have as far as pos- 
sible not altered the sequence in the translation. Sanskrit tech- 
nical terms having no equivalents in English have been given 
as such in the translation. They are explained in the subjoined 
notes and the reader can always refer to the Glossary given in 
the end to find the meaning of such terms whenever the sub- 
joined note does not contain the explanation of the terms. 

Verses dealing with the same topic have been translated 
together and are preceded by an introductory heading briefly 
summarising their contents. In doing so I have followed 
the practice of the commentators. 

The translation is followed by short notes and comments 
comprising (i) elucidation of the text where necessary, (ii) 
rationale of the rule given in the text, (iii) critical notes, and 
(iv) other relevant matter, depending on the nature of the 
passage translated. 
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Technical Terms. I have already pointed out (in Part I) 
the peculiarities of the language of the Maha-Bhasharlya. I 
have also noted that some of the technical terms used therein 
do not occur in other works. These technical terms are not 
found in Sanskrit lexicons, and I have succeeded in arriving 
at their correct interpretation and meaning by (i) the context, 
and (ii) comparison of the same or similar topics in other 
works available to me. The commentaries consulted by me 
have been of immense help, for without them quite a number of 
passages in the text would have remained obscure. In the 
foot-notes I have given references to parallel or similar pas- 
sages found elsewhere, so that the reader may judge for himself 
whether I have arrived at correct interpretations or not. 

At the end of this Part I have appended (1) a list of 
passages from the Maha-Bhasharlya quoted by later writers, 
and (2) a Glossary of terms used in the Maha-Bhasharlya. 

In the end it is my sacred duty to express my great 
indebtedness to the late Dr. A. N. Singh for the help and 
guidance that I received from him in the preparation of the 
present edition of the Maha-Bhasharlya. I am also under great 
obligation to the late Dr. Bibhutibhusan Datta (alias Swami 
Vidyaranya) who kindly went through the whole of this work 
and gave valuable suggestions and advice. 

My sincere thanks are due to Dr. Earn Ballabh, Professor 
of Mathematics, Lucknow University, for his suggestions and 
advice from time to time and for affording me all facilities 
in my researches. I am also thankful to Sri Gopal Dvivedi, 
Jyotisacharya, and Sri Markandeya Misra, Jyotisacharya, my 
Research Assistants, for the assistance rendered by them to me. 

My thanks are also due to the Nav Jyoti Press, Lucknow, 
for their unfailing courtesy and care in the printing of this book. 



K . S. Shukla 



grq-f?^- *rr*ft: ^irwT^sftfsnT: 



' B. , ff»rttftf farr • -afore: A, B, ' w^snfafarfa* A, B. 
* *$dflr*mTc>rer C. H fNr A, B. % j\mn;<§w$wn A,B- * sr^rrf^T- 
Wf"r$cr A, £; fTRrfrre<TTfa*cr C. * ^ifw^mfeTTto^ B; g*nfa- 




5 j i \4m i-Hic^RfTflpPTra^- 

3*1 1 5^ feTTftRi* 

fH- ^n^<i|^ ^ f^rer: it «. ii 

fanr^q- <Tigpfi{|BiM<^<lu|: II \s II 

^ Uifakti finE^ m^T\: n mi" 
fa^^Hi sr^refcr r^rtoT: ii a ii 

* t?tt: A ; °*l?r: B. " The word frfa here means 30, and not 15 
as usual. 1 irerawmfHrair A, B. * fiKiftis: A, B; f&iftw C. H fircft- 
rajfr A, B. ' *ref% A, B. • fe^^f^ra; A, B. ' mnvpnvrftRrrf*- 
<n^C. Vf^saT^fiyfarrfar A; foftFTT^fcn^ B, C. ,D *sft- 
f<<n^ wn 'ni ii <ffMiM #irw| ^ ^Pira^Rr^: A, B. " ^r^Nrftwir A, B, 
" Missing but commented upon in C. " [*rcnf ( = swiff: ^ S&th, 
*rcw*r) means "together with years"] ** UHl^i: A; *nrT^?fr B. 
tH q£$™^>fe#: A, B. "fsftfrerC. ' 



pW^piro: Mian- 
^spftaRf ^ wr^f?*r i " 

1 sfa^NT A; ^■f^rafcTT B. * ffi^fVf«Fft^t qftpnrftrapf A, C"; fasfrfWrt 
Tf«r^nfe?# B. ^^ftesr C. * Missing in A and B. H axrerTf«r 
A, B. * frfrotafft 3?T: C. 9 *r%^r>rr: A, B. * cRTf^fH'^ift+^i: A. 
' S*fto A, B. ^ w H^i^firqro^r A, B. ; 



f^r^rr sttftt smsspr i 

* ^rfswre^rcFr A, B. 'toA,B. ' »^r^famfp>*T B. **|t- 
to: A, B, C. w ■ fen B . % *fipr5rt: C. * *Mfo«^pflfHfr A, 
B; vfttft^rat^TTf^t: C. c sra^in^f^Ti^^: A, B; 8r^TF#f^ri?iT- 

5Ftf: C * ^TTS'!7% A, B. ,0 ^H^T^*? A, B. " *TpT$dW*^H B. 
* A, B. ' " <sTCPnPf?T: A, B. ~ re f^sfw: B. * ^CT^W; C. 

"^Tfmm: A, B. 



spmtsiatm:] ^ 

<^r ^fc^Y Grata: irhii 

^ tftfmi <brpT«j ll wn% mi 

> ■> 

'^^f^faft: srsprffctftarA; s^ftafeij&ftr: sr^ftwtaf B. 

* Mrsf^Rsrf^^Hr A, B; ^sF^^fsrfig^ d! ' ^nrrcsrat A, B. 
"w^B. K 5rs^r*rB. ' ^^f^fft A, B. a JnrnfaronFnp fnft- 
*tprN:.A, B; *rrcrrfa*mR*nJTH frforpretaH C. 4 5 Missing from C. 

* jpironpr A, B. <0 'tfjfo: fNRrcpnfartssr A; qfHfoFwrainfceft sst B. 
" spptt: B. " TfEi^r^rar ^ C. " *r*rr*rcf*Fr A, B; *prrcrcRn: C. 

ftwft A, B. " B. " A, C. ? * ^Rnrftw?rn^t^- • • — 



^ g%cTT fa^rr SR^T fFcT ^f^rV^^T: 1 1 ^11 

^fa^rfrfaKft t^rT ?rmts^ 113 on 
*^wrfq fs^rfa^ %feq-T c ar faffcrarc'ii^n 

^JPHSTF^^ F^fcr^T^TT f^f: I 

*msm^rt ^sb^ 1 " "^sM^twtt <r 

TT^pft^j^TTfq^sq" faferen":'* I - • 

* fa Missing from C. * faraprr C. * st^t ffe *H%5r: B. ¥ to 
' VRwrfe A, B. H *rcraT fewraTw^mFTT C. * ^nprfMsrafrsit tffsr- 

ifTCcfTfftFrTT: A; fwrfMwFfrat tfem^T fafeRTT: B. '-KfrfcfrcrrfcftS- 
»tRtj# A; ^f^Rmftw^TrFiT^ C. e ^^^^#f%F^«f^cfTfqq^f: A, B. 
s °^fr: A, B. t0 ^^rtf A, B. u °fffnTTf?rt C. " ^rai^rfsRftsfa- 
qff^TTUTi A, B ; ^rTTMT^f^ftFq- irtF^'Fft C. " F^Fwmr: means 
F^f?tfttt: 1 ? * FwF^r fas: A, B. 



fcTClc^t ^fwrY SR*nr «FTqH ||^\9|| 

q^^r^rf^^n' #^rr wfrft ii^ii 

szT^qf?^ JTOT^T ^^T^f^rfT: ||Vo|| 



^FT^Tfa tfTSprfafa S^R^" UV^II 

firosw jt^B. ' f^^rwf^rf^T^ A, B; ^fTOrwf^r- 
*mC. ' A; JT^ctcR^ni *ipnrT:A,B. 4 F#RP£ 

*rnrcf^ A, B. s qs^rntr^rf^TT: A/B. 9 A. < C. < ^rtt- 

TTnft^C. " fTW f^TTc* B. " ^ C ^TTfero^PW A. "sm»* 
C. ^ ^^jaft A, B; wrf^WT C. " A,V " ^n^ft- 
VWfor A, B. ** The reading ssrpt in place of has been 

mentioned by Govinda Svami in his commentary. w srfa^T A, B. 
w aft^r fim A; ffrert B. * sfW A. 



tf^ssRar *r ^r%g; srssnr iiy^ii 
^rj^rt *riprf% wr|ct>: iiysii 

1 sr^Fft A, B, C. * fns^T A ; cr B, ? ^ A, B. * C. 

^fonfe^B. '*B. b Ere wfi MtrrffTsn A, B. ' ^wrf^T^nrftraT A, B. 
* vrT^qrfsr^rr A, B. f^^TTfw?PTr B. " «fc ^arrr«i#T A; 
W*nm$m C. " 5?r: Missing from A, B, " vrs? Missing from C, 
'"s^tk^ A, B. 



1% T^T^SR^ 5TT?ftSSJTR: I 



w^rs: sp^ftc ftRfte^ 

« ^x^t A, B. ' ^rwrW A, B. ? ^WRTrfr A. * A, 
B. H From <nwt to WRFr*TeTO?r*T is missing from C. * 4<.i«i(t C. 
•cRTiraf^B; ^PFcftC. 'fcwm:A; f^n^r: B; sr^: C. 
% ^^rrmf^^^T^^q; A, B. t0 A, B. " Fifa%rqw^- 

w A; ^^t^tftotB; ^ferrrr^TTs^T C. " ^r^^fwt B. 

" « *rf*RTFT ^fefRiT A ; tfWT %f^TR* B. * ftl^ C. * 



f^FWRTt: C. ' ^\^Twm A, B. ' ^rw^rf^m^^T^ A, B. 
* *ft#^faf^^*ffcm: A, B. " igfot A, B. ' Ffnr^TT^rT A; Ffr- 
T^n^r^ B ; yre* n wrepf C * <pt ^feTOSTfor A ; w^v fe^'mfcr B. 
' ^t: C. * Fmy^ r?reqcr A, B; m^M^ C. ,e A, B. 

" In MSS A and B the last two lines read as follows: ^™ 



^ ^ ^^pt^t^ i 
sjpn^ * f^rm^r ^ ii * ii 

*%«^Tf^r srf^^T ^ f^: ,a h ^ ii 

* ^pt^pt^ A, B. sr^F^r tto- a, ^ 
<^C. " *R*W is missing from A, B. * ^%^^ra 
^C. * aifS^&ap llrfKrt A; 

<-'i™?A,B. «ft^A,B,C. »Tn*n*C. TO- 
Bj^^C. «<**r A,B; <rtC. w fifRftC. 



f^pTOftrSTTHfW: foTOT:" II \ II 

« Paramesvara .quotes the following reading of this verse m his 
Siddhanta-divika: » 

WA.B. "^fearrwB. tt ^jrA; ^"^V?* 
« irafcr A, B. « *wmmtf TP^mft^TT A; ^^§^" 



BITOT ^^ftasrwcT:' 

feF*rcft*rcfq- <t?t 111311 

vrr^frsfa ^ qTsspffcro: nun 
sffaqrssr gfrrcf fepj^nr iii^ii 



* ^nrf^Rnit: A, B; ^rM^rt^: C. " ^ A, B. ? crcf^ B; 
C. * np?&m C. 4 This hemistich is missing from B. * *ftit 
A; wft B. * sm;ir^kr ^fsmrrt C. ' qro sn?nr?rarcT ^tt 

A, B. * ^pm: A; °^^r?f C. <9 ozftqwrwr C. " ^^ifw 
mr: A, B. " zfM^r C. " 3rPpp *jHdi'i i H f A, B; arwr^rrcftot C. 

^T^W C. " 1 5TFiRTf?rftw SFTSWT A, B; sn^f^SRT^ERSnft C. 

x% A, B. ?B gtfr A, B. * c Bnr^nFT A, B ; C. 



% °^w^nA,B. ,0 fwprr A, B ; °fawF C. ' ff A, B. * fro- 
**r#^T%rr A, B. s ^etjt^pw A. ^B. ^fawnwi ^ i fa ^ i- 
a^fefl^lq^Nq A, B ; Tfe^sF^sq-^rrt" c-m! fa $1 y £ n m C. ' 5ri"l^<4^° C. 
% ^qrf^WFT'iR B. ,c d^ifan4i(^T A, B. " A, B, C. 
" ^H Vj^<i^ A, B ; ^fe^wn;^ C. " fa^ff arf C. 
A; B. t,A C. " ^r'Tw^rf A, B. ,tt w-*ft# C. 



■O 

sr^f: %*ft TRft TO-sTSfaY ^Tf^FraT: srfeT: 
^^■FrTf^^fT^T^t^ R|:* u^u 

STTfRT *TR^FT ^fas^T^: I 
5TFn fe^^t^rifaT:' T^nTTfisrcTT: 1 

*prtsfa ^^sn ^R«ifo>TCR: m^n 

^ C. * * Wstf ^r^f C. H s*ttw^tA, B. ' ^rra^r C. * ^t- 
^rrafci^n A, C; ^rrcrnrf^f^ B. ' srrfa^refc A, B. ' st^frt:: 
C. " 3f|E?[^rRR C. " w*^n ^nfwi?pfr A; ^m^n ^rfwT- 
gsfr B; ^r^TTTrjTfwr^t C. " C. " fefftwr =^fw: 

A, B; fwt^w wft ^prt C. » w C. " ft fir: C. M A, B. 

*• irtt: C. w wit srt^ A, B w m^w A, B. '° feqwWrt^T: A, 
C; fc«m4qTfe friT B. n w&tj B. 



c 

spirt SJT«rt ^T^R^T sT^T^H* t^tsot I 

1 yhd^ foffi ftgTT Tt A; ^B^^TEJTTETt B. ' <H"i«i>«ii: A, B. 

' wsgpnwn^ A, B. * ^=m¥£^fr#fe^ q&i A, B; 5ra^amnFft- 
^ktsFm C. H ^Rt^arRf^rt q^ti A; *n^Rf3%ri <re*rre*r 
B ; m^W^tf C 5 °tt *frfr° B. * ^wuraT A,B ; « ' * ' 

C. ' TPsgpfirt^ni r ^l^ll: A, B. 11 missing from A, B. t0 
A, C. " ^r^nr^^R A, B. r< A, B. " ^ft^r A, B. 

" > i\ * \$rHm TPTTT fsRT: A, B ; ift^^TWn^«TT fr^PST C tt r^T^ 
A; d^M B. 



^nrartrm^r for^^Tfe^ iiyyii 
srfrW ^rr^^cr zr^r^'' t 

1 5FR«^fl^ A, B; tRTE^^T C. * tq-TT A, B. ' "'^F^A, 

B; f^pqf C. * f^^fcTW A; fe^nnw B. K In MSS A and 
B, verse 45 occurs after verse 47. * FTT^fwF^?raf?WFT%f?t A; FTFT- 
farfcfa*rm%?s?r B. * fsr missing from B. ' A, B; ^mj: 

efrfafa^s^ C. ^ A, B. *• ^ <k£ C. " isrf^ A ; ^ff ^5 
B. " ?*qf A, B. " ^ missing from B. '* fawfr ^nr*rf% Jrrg: 
A, B. * s;nfter A, B. " <R$^rihm C. w *3*rnpifar A, B. u <£™qr- 
w# A; fnn^ B. M vi ^w<spnfyrft5p3rsft A, B; ^ a^^^ q^cr- 
5Rt C. s> ?tpt missing from A, B. ^ ^r«f fscft^w f^f A; =^r- 
srf%tftw? fwsf B ; ^sRrf^if f^r^f C. " C. sn^m^tfe^qt 
A ; B. * fk-l^M\ w. A, B. * %?q^r C. n ^rf^V fem A, B ; 



mfrftft vti^tft y&wi fim^r^m morn 

1 ^t^ftt A, B; *rer% ^rer C. ' <*f*rft wf^ C. ' °mjwK- 
*^s*frrC. *^^ttB. h ^A, B. ' ^5ft^cr: A; ^fkT- 
3?r: B. a ;^foB. 'fe^pri A, B; ?far srefC. ' **t#Ww sni*r- 
f^nrA, B; ^*rf i*rfefaror«n^ C. ? ° fcnrrsf% A, B, C. 

^ A ' B " ° f ^^ C. " faw C. C. " ^Rft A, B. 

" 1?N^ ^t^^Tt A, B; ^rs^TRr^ C. w awr: A, B. w 5Ppp»n^ 



mfaa £rfaitf*r sttst u^ii 

ans^ ^tt^t <rc firafop i 

fsRRT f% Wt ^ fo^TfcpTS^: I 

«^A, bTspwFt C. ^•-^r--M: **r C. 
A, B. * Eritcotct A, B, C. 4 snrf froa* A, B; mtffcra^ C. 
s t^fHcn: ^ A, B. ■^rf^ewiT A; . afr fonwrorc B. ' itf&frsffcr- 

Trt^r A, C " ^w^w A, B. xc mfk^m: |^A,B; wt- 
sfe^Tf^r C. " ^%fi^f^° A; <r**fcfta° B; ° sfrww»r.C. " frr- 
m. B; qmpn: C. " ^^rmrftrmf^ A; ^zn^TfmTf^ B. 

€m '^^m A ; tfm mwri * f^m- B. * ^otrt^rt tfstf 
n*m*r^A; -^r^m^r tfm T#crt^B; wwmj^ 
tr^nr^ C " *s*i<rf>w A; ^fv^ B; sstpf*^ C. '"^Riflnp 
^strt A, B. ar^s^sfsr-wR A; ^^rfcvnwr B. w 
M A, B ; a*wfcTT fefW C. " tfsft A, B. « °fi*nfo«[ C. 



ff^n srmi faftf fewn sprtkwO ii^ii 
s^rtf <TOT t^t w^t^^r^*?" iivsvii 



■* ST^W C. * W^TT: A, WSJTT: B. ' ^<^WT C. * dK^i: A, B. 
H PPTT C. * fq*RqT 5TWR^T*T A, B ; fe^T SIT^TWT C. * ^T^^^T A, 

B. ' 9Rrfw A, B; mrerfw** C. * s^r^rw A, B; sr^t* C 
40 f^r^ : A, B ; faf^facW C " A, B. " A, B. 

missing from C. 



W JTc%^ ^T^T ^Tftm ^ I nil 

#iTT^cf tre nwn ^ fam*r^r 11311 

p*rf fact ^Frt sfiW^W 3TT I 

STTf^t* 1 SFTT^ ^feSTg" TSFRt I 

t f^sff: C. * iSS? C. ' sftaT: -"'rcws; missing from C. * sfaFTT 
A, B. ^wtC * s^^ot C. * mf^r^tcm ^ssrorc 
C.' 6 m ^rwtt: A; ta^f srotstot: B. 11 ^trt^W A C '° %^rt- 
fanfe* A, B. " ^fwfaT m iwf ^Wt^ i prr^t ^ ?rf^r fcr 

TO&S5rfir II C. " *P^TOTrR^ A, B. " STTf :T^T A. u wfcf- 

^rtAiWa.B. "^A,B,C. «*rfbn 5 B J C. " sri^iWf 
C. " qft*Mt A, B. " ^Tf^frt^r A, B. 



^srreftfe^ ^rrat %rm x ^f^r i 

5^: 5^: f g^ff^^T I 

3rfcJT3f^TS«iqT ^TT 5fq5TT «T^T f I 
dSRftS^T *T#S#T a <TR^sfa<T^ era: ii^ii 

* widwrnf C. * °^°t A, B. ? jtr^t?^ ^f^n" «pfar f^fsmwn C. 
* Missing from C. H ?^^n^rnften ^sn fHTfwT C. * %^wptt- 
5*fiw A, B. * cfffWTOr: sfa A, B; afeflwra^«r C. ' w fcm 
A, B, C. ^A, B. ,0 itM A,B. " ^rr C. " <t?m? C; 

T^t^TT A, B. " ^ ^ l^ dH^ r^>5^cPT>Trr: A; ^dHl^dH^Wrt- 

S^nft»Rr: B. <* *nfWK: A, B. w ^ip^T xc *bfc <rc C. 

" ffNrfe?T sht^ A, B; ^«t.Vqiw C. ts fttoftf^: A, B. %6 ^sn^rr- 
fa^T fran B ; ^^Tt fw C. 



stfwgnr fen spTfcr: irvii 

foTT«f sfaw ?V ^T*TO afe^TTcT ll^ll 
TCTCToTTq^? WITT ^ 5T^T^cT 1 1 ^ o 1 1 

fa3n$PTT left ^Tfq- f?rf%^ft mrntaT^ n^u 



* tfffa ^N^T: A; Wjti W^f: B; TO^T C. ' FTF^ C. 

' x H H*H5 r rerT A, B. * C. 4 ^ft sr^nr B. % C. 
* ^rr^rsn^fsrar B; wfw^Tpr^if^T C. * sssremt: A, B ; 

33TrePtRjft: C. * ^T^^PTTrTrT: A, B; m^W^M WfTTcRT: C. l ° ^ 

irrararcnfsfa A; ^ ^WT?rfafe C. " ^tu^wri: <tt^° A; 
rrfff$*r: *n^° B. " £ft C. " ^ffstfe^fwr A, B; ^^TrwC. 
" F^r«fk: A, B. w -snjsrt: C. " <t<*^t ^qr A; *t^t *ptr%^ 
B. ^fafafrft A,B. 



fa^TTfar facT SW^fa^T fag: 113^1 

saftfaTT f*mt TTcft w&n stars 113*11 
^ ^nri^r fat* hnt^^ 11 w 

^toTTra; fofrsifat" qfofr Tfe^r 113*11 

^fe^nT^* fa^TS*fteTT* <E5f fag: 

^sr%^<?rmr^ fa^vnf fa?r^r ,a i 



faf: A ; wrt ^fk faf : B ; WT£ti%f : C. * #?Jcm C. H ^ ^ 
A, B. * ST^PP: A, B, C • JTFTlciR o^dlMId ^fhwfl^*Ti^i«i«i- 

*m\$ C. ' fa^r^^twr A; f^TOfe^ra; B. ' f^rw: fe^T 
A, B; f^mr%^^ft^t C. ? ° *^p?t°tt A, B; ^Rrc^rf C. 
"TO^W^T A; ^m^TTrfh^f^ B. " ^sftotf pt A; 
^stsR^rt^r B; t^sfspnwFaf* C. "^^wA.B. " ^n^- 
a%iWA, B. * f^r^nfft^'c. M *T^r^*^r T^f ^i A; ^%^!T 

B. ,a fon^ A, B. " ^-JFTF^T C. w SFT^^TCWcT 

C ,0 crf^T^w A, B. ,l <ft*n*3ft^ri- A. B. 



q^t^r: ^^ft* ?ftmcr ^ f^:" iivyii 

^=T %^5f uftsif xp$refc5t*ar cf^^RT I* 

3rsff$?*T safari p^rr qfr^q^r nv^n 

' ?rf3^N>vTi <H ^ 4>H ^T^T A, B. v ^K^SSF^t A, B, C. ' sfTST^TT- 

^cr^rrnf qwftft A, B. * tt^-^s^ts^ A, B, C. ^ ^stfh? 5^: C. 
* °wt5T>5^ ?i%5frsr% A, B. 13 rr^r %^=f *rfaf TT^ft: ^=5^ncr A ; ^ 
#?if T^ft: ^^E^rrq; B ; sfter t^tt: ^ftosRTer C. e ■qwhnr- 

^rs^tsq?^ wfr: A; ^m^rnrqrr w^stst^ tw: B. 14 ^r?w- 
wterr f^ftferr C. K ° itc^t t^rt ^rr ^rof jtt^t sr*nsq# C. " ^f^r 
C. " f^fiwu w^pt A, B. " forshftsft fosrreq% A, B. < s 
jt^ft A, B. * tftsrfosr C. " tr^m^fT C. <» f=r%: ^r: B. " *fcf% 

A. n TRn^,fsj% fj"?r JT^af 5 SFifiTT B. 



iw^t: j^snsq 1 w^fti ^*TWT ? t' 

fa ftraft ^rrc ^r: srtffacfi mom 

tot: ^rfrre^cnfecnftr- 

*mfa* ^ftST^T SR^fWT iikau 

* 5^° A, B. * r=rw^>:—^w missing from B. ? *qEert?r> A ; B. 
* ^^rmtRT mw. A, B. ^ ^p^: ^sra A, B. ^ mmmz- 
"nrf C. * ^•••?tt%^wr- C. * frqfam^r A, B. % <r# A- 

^ B ; ^rfcr^t C. ?0 ^ C. " ^t^^rfwifw^ A, B ; 

% * ^ ^RRfts^r A,B- ^ ^^spr^qT** A, B. " ^Tfowte ?hi^t 
A, B; ^ f^Rpfc C. 1,8 °q^T A; °7g^r B. ?< ?t^^Rft A; 
wnmrt B. " s^rf^ ^ C. '° ^r>^^ sfansf A, B. ,l 
Tfosr ^ft A, B. 



TO^ernrr A; ^t^tt^ht B. * ^Rreserat C. H *rwlw^t: C. 
s tfteT^ A, B. a ^ awn* A, B. ' ^ fififtt A, B ; wtw ^rt C. 
* *>T: S$£t ir: A, B; ^ns^sr C. l ° *f A, B ; to C. " ^fw: 
SvRTTT *r f^r A, B; tf^: TO^TT ^ fa^T C. " tffcr 5P*«T A, B; 
irfcrafr* C " forcfr A, B. " upRtt B. * A, B. 



^ftsR^pnt eft g^rfs^ft^i:'' 11^1 
iftspfraRt *rf^*amr: S^r^PT:' I Ml 

sftstrr ^tttst wrsfq- fa7^Tg=nn^ i n o 1 1 

r^p^^^r: *aff fa^w: A, B; qs^ra^EnfT *cr%5T for- 
c> * C. ' ■^ngircr: #| refaifa: A, B. * **ro?W A, B; 

°^r^t: A, B, C. * A > B ^ C - 

* ^f^m^V. A, B. * I^IFTT TOTT* B; ^HFmTf C. 
' TO firwRTTPffr** A; TO f^rtTPR: B. * ^TT^ A, B; VTOTfs C. 



Tim: ^j^x^ij^mj^^ ^ » 

q^qrq^>5TT?q U *qf^<f" fq|: ||<^|| 



1 TtaRrr A, B. * ^TT#^r5^t«TT^ ^ftwT#^: A; qHRTrfcr^r- 

A, B. ^ mfk^H B. * qr^Tfcr C. B *n^r we: A. B; 

^TR^r: C. 4 fa^r^n C. * f^KT^erTsNsr B. u gN^P OT ihwqiirerr 
A, B. " sr^rp-iT C. " °^T^T^^f^^t: A, B; ^3^rfein*: 
C, " jthic# C. ? * sfrrfew B. w ^reTf?afa£<TtmT C. " This 
verse is missing from A, B. ?a ^^w>?WT7Ttfrfe^m^^taa; 
A, B; ^^q^^^rRT^^^Tisrtofsrcm C. l& °iff^ C. w A and B 
read <|£<t in place of "° ^^^T^fw^iq; A, B. M ^r%^- 

wr%&( A, B. 



f^f^fefl^T SttFt^TTO*: IRHI 
^irfe^t sjifcTT ^TO^^TCTt: IR^I 

c 

q-^3R^fcf f^Tsr' ^stf fk%: i Ran 

^fT: ^ ^TC^M^Rt T 
^^<T^ ^faftn£" ^TtfT^cT |^ i 

^^^ttt^tw^t ftrfanF^r: ir^ii 

JTSi?5!pftoqTWR% zrWs^fcfaf^T:" IRMI 
fWT: srftff: S^S^T f*cTT ?T%: ^f^T i 

* ^awrofcq f^tw^r^T'T C. * °*fa'hT5*?PT: C. ' f^raA, B; 
H-Rnsrr C. " * rnksNt A, B. ^ res^^w^ A, B. * ^r^M: 
A, B ; trf^PTftforer: C. * % sft <K C. 1 This verse is missing from A 
and B. * This hemistich does not occur in A and B. In C the 
initial word ^ is missing. '* <*rfaf*5p£ A, B. " *fa*rT?PT> f^nwcnjrr 
C. " ^>T=T%frrf^T: A, B; ^iT^fafrrfcr^ C. " qra^rr fw: C. 
" 5rraT?r^ tfn*hrer<nFrr *rfa^ A, B. " °^5f A, B. " *rs*rr- 
^fa: C. ~ 



*rih>rcft ^%c^ ,? ^^rf^er: Hani 

f^Jft- f^r^r its* srorr^tW 19 iiy^ii 

? fr^^W^^m*ra* A, B. < ^T^r^m A; **&n 
^*tt^ B. 5 A, B. ' r^r^rcr^fmf^^r C. " <^t A, 
B. *5ftC. ' srfWac^ C. < ^T^^fcrerr A, B. ' 5^ 
*f s#ft^rft<j A, B. <° v ^nf A, B. « ^ ^ f^. ^ 

A, B. " fkfrm finrefifor irrfWr: A, B. " «r%^ A, B. ^ 
**tt A, B. ,H s^^n^f^ifs^rrg^f C. " wjjtt A, B. ,a sn»mraf^rt: A, 
B; srRTCPtf^rr C. " fk*tfam: srv^ f^fsrr A, B. w ^ C. 



crfSPfftrTTcT: %^ft^T ^FfT^:" UX.*' 1 - 

riW<M\*$Fqm*z$( tot ^rt u *on i 



* °*pt: A, C. ' hh' w t fk% A, B. ' firc^ra^fifcufl: A, B; fwzm- 
src<rt: *rcr C. * s^f^^TT A, B. H "srrwi-^ C. **m: C. * Verses 
47-48(i) are missing from A and B. * srf^i^Hd^'w A, 
B; °^s«r irfinrr C. ' ?mrr^^r#T A, B. "s*fcrtB; £ 

" «M*JMd: C. " ^RTTJ^T ?PT *|cWK! A, B ; . . vfcHM C. 

" f^cT: %?sFFTrrfa A, B. ** ?pf d**lkMMim3 A, B; ^PFTTcT ^ SRTT# C. 

<H wqftt^ tf^rrt A ; ?r^r tfr^rqftth^ ^wt C. m sit*r: A, B. 
w *ftff qr raT^Mi A; ^^ i -afo^i B. M ?twt ^TOf¥w5r A, B; 



%^Txr^i^r ^%^r ww^ nx^u 

^fSTTOT vft TT^T fawn* I TO I 



ui5rA,B. H HRtfr«?tTT #n?r A, B. *'°*wr#:C. 90 ^C. 

m^j A, B. ' itt^t^t ^farwT ^^i%s*t A; tfr^r oftwr 

w3**w^B. » # wfA,B. « aref PpstoiPv A, B. M *e*l*r 
A, B. % " ^rt A, B; w C. " C * ftt^ B; wirp&t 
C. " f A, B; f «nfr wpt C. w tttct C. w sfl^r 

A,B. rt ^A, B. "jptA, B. " C " *T^r- 
*rns% A, B. 



^SS A, C; **rf*n B. ^r^^^^^T^^A, 

B. <*^A,B. ^^:^:B. <ifcwifA I B. 'ipwmitTnr. 
A B • w ottt ^: C. • «ift*nfrr B. < wnrfNww^. c - 
^ C. - ^ A, B. « In C the second half of this verse 

reads as follows f^T^f ' p 

» Aj B ^ A . « B. " wfrf A, B.C. t. 

w ^tffewrts* A, B. 



i* 1 



faw; sifter ►■^wSjoti* ~m 

^ m tfrnmjmt a«rr ii^h 



grant ^fWW^f^* 

s^sf srM% sn?r 1 1 1 i i 

f far f#- 
^m^fa^T^^r: , ° i 

^fo^fa^r wrfcr i 1 * n 

fa^TS" TW: 5FSTFT% ,? I 
' f^f^^tat C. < t^r: A, B. 1 m A, B. * ftw: A3- 
K wf^Rf fawTFT A, B f C. * ^*TM*ifa^f% A; ^^H*r"tflfa C. 
• ^^w°"c. B. * faftf A. *' Vftffacr A, B. " 

^ff^Tiw^: ^TMTTf^f^t: A, B. m^ni^ ° A, B. n srstT^ 
A, B. 



^TrTCT ftfT^npT Tg^wf 1 1 \ || 
^tc^'PRTOrfarci || V9 II 

^fs^RrfafeRT Mtq^ i* 

3T5fHIH^I^«I 

^^■%?T tyftMtjtW || ^ || 

5F9%^" ^rftpftsTO in oil 

5T^s=gr5«jRrf^r: t:! ^ T i 

' *TR^fa° C. " ^ifw A, B. * B. " B. H 
SRftftrar A; "^m?TWTrftfef B. * ^n wfi i A, B; ^ffift^^ C. 9 ^s- 
^ftfq^mrr A, B; ^?frfawts3»rt C. * In B, 8(ii) and 9(i) have 
been interchanged. * ^^nl^r C. *• itiflHHlH4ii A, B; 
5T%?fts5RF^T C. " A, B. " i&t tffiRr: C. " a, B, 



•N 

zrre?<T3^ft crm w ^rf^r^r: n^n 
^w^ttt invqf ftsnn^r ^f^TT:" i 



' TOm: to *m C. ' ^ C. 1 ^#to^?t: A, B. " 
C H The second half of verse 14 and the first half of verse 15 is 
missing from A and B both. * C. • ^f^r° C. 

' fW: A, B. * sjlftW^ ^fhTFJr TVmfozt A, B ; jrffenWRT 

*rfc<£ C. «• °5«twv^ A , B. » 3r^5 C. " The first half of verse 
19 w missing from C. " rovFTfrifar: A, B. art^fronfaiR* 
^ 'Tf : i w^RRsrr^rpff ;rnrftpS ^sriT ii A, B. ts <nrt*tf: A, B; 
^ *k«rt*f C. " wftrct mm d *• ^TOTRrt *nitf : A, B; 
C. w irfirar: C, 



^.^ffl^ftf 1 JRTT# t hryu 

3%: fwmrf 5T^5g^ | 

^^frfrT^ff Traf" 1 



? TSTT^T^fer: A, B; TOTTOT: C. * ^xm^k A, B. ? SST^mfa- 
5TnfN#: C. * fl^TT A, B; ^tfsRT: C. ' ^d*lT*nr C!' v 3|ferefA, B. 



C. * ^T^? C. " A, B. * A, B. 4< ^^TTSRrrr 

A, B. & wt>rt^Rrrr C " ^TT^f^r^rtr^: A; mtfwm^T: B. *' xpt C. 
* v^siM A. B. " rT^rmrfrPr w*r%r C. 





n Verse 26 is missing from C. 



^r^feicsnwr sr re i HteP-i ^Y Tfa: i 
irnpr^Tcfrsfq- f^iw fti^wf^rr ii^ii 

^n^T5TT^^R?T: 517^1^*1% STCft ||^|| 

^t^^wt^t^hpt sm^^r ii^ii 
^f^zr^^^ irs^sm 5rars# iiy?ii" 

prr^l^rsr^^T ^^tfrsrcTg<rr: n iiyvii 

^f^T ^lT^H I K9I tffirefteat: iiykii 

1 3ffKT:° A, B. " 3r#HTST^Tf¥^fr A; ^#^fr*HTfe¥*fr B. ? The 
second half of verse 36 is missing from C. * ^^^tefjRTRsrmT B;' 
^?T^fwr: stftt C. 4 oT^fkfqqft A, B. * ztn^^m A, B; $mfa*r- 
C 3mr5r*crflmT ^rw A, B. ' ?tt^> ^<h^ : A, B; ^ift^TT w*n: 
C % ^X\°C. "ctC. "*rfeA,B. l, crf^TrT° A,B. "Verse 
41 is missing from C. ,¥ 5t^t° A, B. * sirtatflfbrcr^aT: A, B; 
m^fr^T^TFT C. " jtotsw: A, B; swwpr C. ,a gtfl^ss C. 



^^^^^^^^ f^^T^TT ^fef I 

f^*msR tfsrssft m^R: sr^for: uvmi 

^sfrff^F^pfte^Tfa f^^ft ?f^ftrTT: ,a 11*311 



* fs^TT A; ft-C. ' fRfaro B. '^fA,B. " *rpt ^ A, 
B. H ^^kKiyiH irT A; B. 5 g^^q^: A. * ^fw: 

A. ' ^Rrf%° A, B. % fonfe ^ C. " t ^mmm fr- • • c. « *prfirerr- 

^cfr C. " ^T^KK^df^T^TTOT sfT^TRT^ C " A, B. ** ftr^qTrT 

A, B. IH *nrr*Tfa#r A, B ; sr^q- C. " ^^mferyrFTT^r A, K 
fareffaFTi A, B ; ^?rr^f%?TfaFrr C, 



^n^rf^ ^r: FrI^mt3R■^TTf«rcT: , 11**311 

^TWfzftftf 10 ?F5RT3?Tcft fas;:" I 

f fir ^f^f^T^f^trcr%cT^m^ i 



' qforf-r: A, B; it#^ C. " °ifr^T: A, B; C. * 

is missng from C. * wsjtt C. ' f^TT C. * The second half oi 
verse 58 is missing from A, B. * q- C. 6 C. 11 *rffta*r> 

T^T> 5 A, B. *" ^JTFT^f C " «RFrFFT%% A, B; ^^fft- 

% c - " A, B. » ^:jt° B. qrifov^irci^nffi? A, B. 



grp?^ TTHfrlfa^sfoFT^ ll^li" 
s{TO ^^rFWSW^rfo^ft ttt: i" 

fTOT feWT: St^FT fa#TT91TF<T<T: ^ 1 1 ell 

^1^:'' fafag^ TRreRT: ^ ^ 1 1 % 1 1 

. ' wt^^Tw^i^ A, B. " °OTTPrfiFft^: A; °^»i%F^i^t: 
B ; °^$nTfwr^^T: C. ' m*rt A, B ; snrsfa C. * m: C. K f^r- 
a^^enffqw C. % °tifaar. A, B. * °^wmfaim^T: C. * ^r- 
*M^rwrP^° A, B; ^^ttMst C. ' to A, B, C. 
,0 •^nfwrf^OTr ^facrr: A, B. " st^^t vnfhT^TOfa^i^nft: A; 
ST^r^^f ^r^^frdftr^Frnft": B. " ai <* m i w * 3 sra w#58rffa?it t h3tt: 
A; araqTT3#rcwsw#s5fssnft t^tt: B. " ?n<^>mfa^ ^rf^TFesfr 
A, B ; *n*25#Tra*sraprarre*ft C. °^^t: A. ^ ^^fawfe^t ^ 
A, B. " STsrfa: A; ^TsrT^r: B. 



^^1^^^ TT^teR fefafe^m; moll 

^ ^rft "^sTTfrr q^crr i 

TT^Tft^fr WU" aRpd^Pi: HUM 
fesmm: ffsfavRJ* sft^T TT^TT^ft TOT: imii 



1 Twrm C. ' wmt A, B. ' *r • 'f^wf^i: C. * *F^rtsr C. 
H TcRW: A, B. * sftsTT^tsiffsr: A, B. * ^fMfa*: C. 4 fe^PPrikfr 

A, B; fMhrarottfr C. * <Rift:qwr C. *° °sfe?N A, B. " 

C. " tpscf^to A, B. " ^wrat^r: A. l * fafr ■ m C. w ^ 
missing from C. M C. ^°^MwB. w <r*r fpC. 
w femtswm* ^Tfs^cr: A, B; fsremfts'TT C. ? ° #pt° A, 

B. « vftirp: C. " ***** A, B; ^^t: C. " «*fow*faf f?Mt 
A; TOfrm^ "f^> B. * A, B. 



faspsr: sftaft *fts*TT?fafopt fafa: I 



, r ' ^ wsr?r A, B; <rfrfa ?n^T swMitr C. ? srshr^zr A, B. 

mrfinjrf^ A, B. " ^nson%«Tt A; srtfwT eft B. ' ipfaft 
C. * arfijjRRppft A, B. ' w i ^^ mC. « Al *dNk° 
n' » ffi* A B - ,0 ^A,B;^C. » firafgwfirw: B, C. M s*«f 
0. *mr?rTf% A, B; ? fl ^hir: C. ** tf^ttt^t fw^sr A B 
J^!^^: C. * • • A, B. « ^?t: C. <a A, B, 

^ffh^t A, B. ,0 T*** A, B, C. « sfaefafr c. v ^rcT A ; Win ' 
B; >w missing from C. M n ^wtfl: C. * B. ,<A ^facft A B 

,s jp^T^TT^F ^ftBft^RT B; q ^ qidl- H sftsfts^iq; C 5,3 UTOpft: A, B 



*f : cnfa wfc' ^Nft ?R[P»Tt 



' ^ ^rTT: C. * w^^fesmw A, B ; wcTTrnfe£<TP?mr C. 
' "^F-Frfro^ C. "irWA, B. H ^ir^i^r: C- % ft^r: A, 
B, " ••■^ 0. i sf^t^Tft wrt A; stssfsrarfr T 1 ^: B. * 
wi^i A, B, C. 



srftrarr^sfwfl^ ^r4^r 11311 

cRT ^SRf^TftcTKf^^W ^ifanr I IK 1 1 

' sT^rr A, B. ' 3rir^«rrr^ A, B. * &m A, B. * srfircrfararcr- 

. . .?ifiram*j C. « soi^rr A, B. 11 foraftftawir B. <e 

f^w^TTW B. " w&J C. " ^^qftrTRfq^f^t A; Wrf^. 

ftarcfr #<rfa$ B. " ws^5ww<f a, B. '* *r;*% A, B. 



wit ?P*T:* ^^fafcraftTT: 

^PH^T^T:' %fk?(T fPTFT:* lit; l| 

fw^ q-f^T^T fsrf^r: w^r" i 

WRT cRft: W for^T 

^Tnft WRST^: ^^^Tf^: ^f^rr 1 1<|<||| 

titem fs?T smrorRTiraT s*r i 

trot mr qftw: ^qTT*rt 

' ?rratwT^° A; ^rfwisTT^ B. ' ^wRTrVrn? A, B. ? q^^pr 
A, B ; <T^rTT;>T<*Tcr C. * ^ C. H • • -for^ f^s^Rr: A ; ^raf^r frr- 
HWm: B ; ' • '^frfR; f^sirum C. % wt A ; sp^t *FT: B. • spST- 
WJf A, B; qamn»r C. < gnrrfa ^ra: C. * sr*: ft: A, C. " *tpt C. 
" mm A, B ; sprer C. " B ; C. " ^rafa A, B ; 

**rC. ^sratwrC. wo swrC. "^tC. ,a spt^^ A,B^ u <RTTjpr:° 
A, B. " srenwimm C. " TT^nsTTwr^s^ C. M B. 



5FcTrf^TTT^ foreTfolTO^t 111*11 

ftrerr fa^rRmg^r i 
TT^^rrf^ ^5t?jt sf^f 

c 

^s^t f^FT: 

^ ^p^-fonf " 1 1 <\% 1 1 

< q-3^t fa^i B, C. ' A, B; °tst C. ? tt^ztw A, B. * sh^tt 
sTTTifa Pr^fa: A; ^jtt *rrwr fawfw: B; qic^r ^ttt ^5r%: C. 

H TTc^fT C. s T^tf^^TraT^fr A, B. ° »TTf%cnT5TT'r A, B. 6 %ftrr- 

^ B. ij^nTRRrTftr: A, B; ^WH^rrf^: C. lo A, B. 

" ^Ti-w^^dT C. qf^T^q- A; fomrmB; fcrrirrcfa C. " wk&i- 

f*?Tw A, B. *W A, B. * A, B. 



^P*ft 3PTT> iRR^" fffag: *WT^ *Tf Jfrf^FT: 119?!! 

^sft cPT * %fa #W ^ cPft: ^ WJ ^rf^TcfV I 
^ft eft ^SRTTform yrtf^ft <pTCr 

' *wft*ftp& A; tarfertnet B. * f^f C. ? A; fcrffc- 

t*t: B. * grffanrgr: A, B. 4 ^U^wriRnsf r 
^^ftf^^ rAjB . ^^ T: ^ T:A)B . 9 ^ A, B. 
^^A; ^•••^ ^ B. * ynf# A; 5^N# #ff B. ,0 ^r- 
^nr^^r A, B. " The verses 23 and 24 do not occur in"c. 
a f«ffsnpm^ c. « citron A, B. 
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arqjm (=^1%) iii. 
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vii. n 



+ri|+i iii. ^y 

w?r v. 3^ 

Ep^ar (=fw) vi. ^ 

— (*r*nfe tfrw) iv. 33 

— fafsr ii. R 
z^fe (=^ptt^) iii. v. Y£, y^, 

^ff ii. Y; iii. Y\3, «to, iv. s 
U-R?, 
v. 3, 3, 3*,. V3o-\93;vi 
^y, xu; vii. ^y 
— ^ vi. U, 

^ftt i. ?o, ?s 3^; iii- R^, 3°, v. 
%%; vi. w; viii. \», ^3 

— ^ v. 3, 3° 

— sta viii. ^3 
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y^ ; vi. * 
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ffRTTTi. X° 

f*?T iii. 

(=Y) iii. 5.; vii. 3, Y 

(=^t) ii. 3,y; iii. y, ^, 



%55T (=^1HRIT) iv. ?, 3, 5, 

^t, ^va, n, su, ^ 

— ( =*TSqf^) Hi. VY, ; V. 
US, ^ 

— ^TT iv. U 
— *r>F iv. I '< 
%rtfe (sw^tT twsr *t ^fftfe) ii. 3 ; 

iii. vq, k?; iv. H, U 
—(==5.0-^) iv. s **; 

vi. n-?*, R*, vii. u 
— iv. s. 
— W iv. \o, \\ 
— ^rm (=?j?rfew) iv. s. 
^frq iii. 

iv. ^ 

— ijtjt (=^r?!n) vi. ^; vii. U 

— s*TT iv. H; v. 

— ^ iv. \9 
^rf% iii. %, iv. y. \*, 

— sfciT iii. 3u 

— *m v. ^ ? 
%q- (=^r) iii. s e, ^3; iv. ^ 

— for is?? 

fsr% ii. v. v?. 
— *ft iii. \», H 
— srrw iii. "Rvs 
— ^TT (=5^) iii. ?^ 

— sftaT iii. ^; v. ^ 

— iii. *3 

— ( = V3) vii. 1%. 

— *r>rf iii. ^ 



fsrfcr iii. vi. 
£^fa*rf<T iii. ^ 
#r i. n 

— ( =wz) v. Vo 
*r( = o) i. ?v, ^, ^, ^, 
3^, 3*; iii- ?°> H^; iv. 
3? ; v. 3°; vii. v, x, «, s 

U, IS ^, ^> ^' 

— ttsjt (ErrRfrrT^Tr) iii. vo 
jt*t«t (imfftp^r) iii. H 

—( = <>) i. ii. ?o 
WT^ ^ vii. 

jTur^wOi.*?, V*; vii. \a, ^° 
■Tfw iv. w> 

^ (j^tt tot) i. ^X, 3*; iii- M ; 
iv. 3 s >fls; vii. ^; viii. 
^* 

— (=^tt) iii. \%, IX, R\, 

iv. ?\»;' v. ^3; vi. 

s 

_ ( = 3) v. ^; vii. 

— SRTH ( = 5*it) iii. H. 

^PRTR i. 33, Ys 

titw iv. 5 

^ ( = TTt%) i. S 

ift (=^r) iii. * 
jffar iii. ^ 

— ^ ( = f^5JTT) vi. ?o 

— ^ (=f^5iTT) iii. ^? 

^ i- ii- \«; iii. 

^o, oo, \9t, vs!< (i); iv. 

^Y, Yq, vi. v^^wa, 

^o, vii. R°, 



— (=TT^T) V. k= 

— irfirar ii. * 

— =5fTT vi. \R 

— err i. 3^, 3*, 3* 

— ^i. n, u 

— irssr v. 3=;, 

— qta vi. 

*r$r v. t 33, 3^, sy; viii. 

ii. £ 
ii^i4<i^r vi. %.<> 

*mr (*^r) v. 3V^» h> *s ^t, 
S3 

— wmn v. ^ 3 

V. Yo, Y£, 

^r^r v. y* ve, KR, W 

— qftfsr v. 

— forar v. y^ 
— f^T^-^r v. 

— WW v. S* 
«rfiwT iii. v. ^K; vi. y 

ii s ?o; iii. i v . ^ 

3Y; vi. 3Y, 3Vt; viil. 

*pt i. 33 

^TTrT iii. ^t; 

^ iv. ^, 3*, yi- 

^^TT ( = ^oo') i. V. 

— TR iii 
^p^(=?=;o ) iii 33; iv 

^,3*, ^;vi.3q;vii. ^ 
^rsrki4>' vii. 
ii 3 
iii. 

^ (=?) i. ^;v. $v 



=ef^ (— vii. s 
=Ep^ter vi. 3*, 

iii. s ^K; vi. u 
TO*r iii. ?°, $c;, ^, 
— *r iii. 
^WT iii. "R3, R*; iv. ^ 

iv. ^ 
m% v. ^ 

(=wt5f^r) iv.Y3,Y^ vy t ^ 
iv. \° 

^ft iii. U ; iv. y? ; vv, 

^o; v. 

— (^T =*FT) iii. Rs, 
iv. Vo, v?, Y3, ys-; v 
vii. 3*; viii. \ 
(=*rfa) i. ??; vi, y, 
^pf?r^T iii \ i 
f%^T iii. vs^ 

ssrcnii. R,*A, ?3,?*, ^, v?- 
— ftf iii. v 

— tsq- V. \»3 

— wr iii. y$ 
fes - (=£) vii. 

(=5*) i. y$; iii. ^3, W 
(=<rf!^?r) v. ^o; viii. ^ 
^fr^T^r v. 

«H4Gh» ( = Tf^rr) ii. \o 
sprfkfk (^^dly+'TT) ii. 
srwfcfr (=Tf^Tr) iiL 
fsr (=^v) iii. s ^5, ^3; vii. ^ic. 
(=5qT) iii. H, 
iv. ^, ^K, 3\3, \°; v. 

vi. V9, viii. % 



— OfTTTTr? ^ 3* sftanf) iv, V, vii. 

vii. ^ 
sftarfafsr v. 3X 
step (=<prT) iii. 

it i. vi. vv, x%; vii. ^, 

3° 

53?T (=sffar) iii. ^, ^, ^; iv. y, 
H; v. 30, ^ 
— (=^5qT) viii. ^ 
^TCprfer viii. \ 
^ftf^t fa^T: (=*T^) iv. 
?TfTTT i. s U, IS viii. ^ 
— ^rq- viii. ?3 
ii. 5; v. vst; 

— (=im) vi. 33; ii- ^ 
^qftim (=TT|) vi. ^? . 
cttt^ iii. 

mtj i. iii- vii. H 

fafa (=^Ti5f^T) iv. 3?, *^ 

— (arm, $Mt) iv. v. ^, 

— (m, wr, *fter ^wt) v. v^ 

_-(=U) iii- v - v > vii ' 
U 

—(=30) i. * 

— i. ^3 

fafasrro (r>rfasFT) i. ^ 
. faoFQ* v. *o, yr 

fofrrii. v; iii. w. v. ^ 

^tt iii. V; iv. * 
g^n^r viii. ^ 
Pnj^T (— fwrc) iii. ^ 



(=s:n^, 3V3c) iii. T*. 
^; iv. 3?, Y ^ v - 

; vi. \3 

t>^*R (=3 Tifw) iii. u; vi. ^ 
faifNT (=5zmrTsr) iii. 3$.; iv. 3^ 
faTiftpsiT *m (=-&nm$) iii. ^ 
^TTftrci i, vo 

sfsrjrm (— tfsppfter) iii. \* 

(=^r^rr) v. ^ 
<^m1«it (=^PTir) vi. si 5. 
(=^) vii. ^ 

iii. ^; v. v; vi. 
fejpPT viii. ?=;-^o, 
fc^H vi. 3H. 
f^Tifw viii. ^ 

fec^T ( = 3f^q-q) i. > 
fewpraf (=3W) iii. 5. 
fow^ftaT (=^t) iii. ^ 

[k4nVuti<fc (=epn) iii. vo 
f^FFRT (=^1) iii. 
fefewz i. 3° 
f^r ( = ?©) iii. ^3 
f^R v. U, U. ^ 

— V. ^3 

— ^TT V. ^5 
^TF% V. 3* 

— ^1 V. 33 
?nrq iii. V3 ; v. ^3 

<?*3ftaT iii. w, v. 33 

^ETT iii. Vo, V^; v. ^o; vi. ^ 

— iii. Vq 
«3 i. v?, v^ 

vi. ^ 



4t«4M«M{f<H<M ] 

^m^FS vi. v 
^j^i^r ii. ^ 

<^l=t>M ( = ^im<+tw) ii. ^ 
^rsrravra' (=^trr^ft) ii. ?o 
^m^x ii. \°; iv. ? 
— w iv. ? 

i. 

srt i. n ; viii. 9 3 
fFHTT iii. 9* 

« 

srfa (=stct) iii.v^ j( 

— ^if iii. !(o 
er^r ( =?£Hn) iii. 
grifw (=3f^W) i. H 
sparer iii. 93 

— to (^sn^r) iii. 5 

— #<? (=^t) iii u 
^sqr^n^ iii. 9^, 9* 
S^T ii. £ 
fkTTfw i. v, y v 
SW viii. 9** 

er: to (99*' ^tt) iv. u 

(w' ^rr) iv. ?v 
srfa ( = $*) viii. 9, 99 
Sj^np i. 95. 

iii. ^9, \n 
— irw (=*pt<jt) i. ; 

— <TRT flqpff % <n*) iii. ^ 

— ^ iii. ^ (i) 
^ i. 9*, u; iii. ?«; vi. 

v ii- X, IK; viii. 9** 
^ ( =3 rrwftwT ^crNr) iii. 

(^fa^KT ^g-f^T) V. \Y, Ytf, 

— (fa#T5F^r) v. m 



U 

jrferaTT ( = ^rTT¥^TT) iii. !<*;, ^ 

•raisr iii. ?^ 

^ ( = o ) viii. ^ j( 

— (TT^TttTT ^f) viii. 5 

fn: (=Pt^t Trfw) iii. * 
iii. ?, *. 

— (— wiw) iii. ^ 

(=w|) iii. ?? 

fTTf^FT iii. ^ ^ y ^ ^ o; yi ^. 

viii. x, ^ 

?TT^ V. 9<>, ^q; vi. 99, ^ 

x°; viii. 93 

faTSTTg V. c;, ? o 

frTO? (=?) iii. vii. v 
fc^^rftan vi. \\» 
Pr:^ra^R iii. =; 

1 ( =3 ^f) iii. v 

*t (=9) i. ^ ; v ii. ^ ^ 

<wr( — ^)ii. ^ 

^ (=ftT^fw) iii. iv. ?, 9, 

H, R?, Vo, YV9, ^; 

vi. ^; vii. ?y 
— ( = **f*) «• *; iii. ^, 

3c, Yt;; iv. ?£; v. H, 
^Y, Yo 

<rePTf% (=<re*nf*fo) v. ^ 
T^rwiii. 3£ 

qftfer (mwtw qftfa) iv. 3=;, 35. 
vfkws vi. 9;*, 

T#cT (=u) iii. ^ ; v. 9 ; vii. n 
w (=3T^?r) iii. ^, u- ?^ 
; v. ?c ; viii. c, 

— nfTRr (— 3T5rf?r) ii. ^ 

— <3ft^T vi. ? 



— %m iii. \\ 
^^pr iii- iX 

(=3TTO) viii. 
rncr i. *<> ; v. 3° ; vii. \°> ^> 

vi, ; vii. ^ 
5 ^( = ^)ii. 3 ; iii. % ; vii- A 

^■^ijt iii. 33 
^ttt^ vi. 1 3 

cfs^ft vi. 
srfaT^ iv. 

— qnriv. 
atasffr vi. vs. 

srer (=?mt^T) iii. U» ^» ^ 

srssrc i- *° 
smrra v. *3 

sjtht ( =3 ^)iii. ^'> vl * 

^o, ^, ^, ^ 

— TTfsr iii. ; vi- * 
jjfefa (==gsrafer) iii- H 

iv. 3 3 
srpx (=$ f^T) iii. & 
5T| fr^ *t antnr) iii- "> 

iv. ?<\ H; vi. ^ 
__(5_o°-jptfe^R) iv: * ; vii.'??: 
— (wm) iv. ^5. 

—^(SPHrtT fspjsi *T 3TTmT) VI. 

— ^TT V. $3 

— Vft iv. V ^, ?° 

argrr^TT (=^TfewT) iii- 3 
?T ( = ^) iii- ^3 



vii. 3, ^. viu - ^ 

Titan ^o°) i- Vo 

^(=U)iii-^ 

,n*r L ^, 1L v > 

viii. * 

— (wrtsn) i- W> 
— (=8hr) i. ^, « J iiL 
v?, v*. ^> \*'> Y - 1 > * o; 

vi. ^, W, vii. .V. 
viii. U, ^> ^ 
(=aRRK) viii- U 

vii. ^ 
rnnfi^ i. U 

uPraii. «o; iv. V, tt, ^ 

V, ^> V*, 

\R, VI. V£, *o 
Tjer (OTftT frff* *T acwir) iii- ^> 

__^ = ^ °_c^fe^rT) iii. ^vs 
— iv. R\ 
wn\ (shr ^r) vi. V* 
" — iii. H; iv- viii. 3 

^RT^R iv. 

«r^Fri v. 

— fg3T V. V>\, ^ 

(=K) i- ^V, iii- v - 
^ t \\ vii. RV; viii. -R*** 
^ i. Ro^r, vii. ^ 
^ T iv. ^r, viii. ^ 
^nr (=y») i. ^k; vii. \ 



(=3^) iv. v. RV 
— (=^ftir) iii. 
*r>r(=qfa)iv. v. ^;vi. ^ 
qfa (=w') iv. 3, U; vii. 

%\s; viii. ^ 
ttstt iii. ^ 

Tjv^ (=^) Hi. XR; v. s^, 

— (=wr) i. vii. viii. 

^y 

TT^^sq- (=^xT%?g-) iii. 
>rfif i. yi* 

V. H<1, K.K 

to (=#r) i. 3° 

TT5?T (=37^) vi. ?Y 

— (=^r^wsq-) v. 3^, ^ y^, st* 
— (=^r^) iii. 

— (=TrS!TT) i. Yo; iv. ^y, 3$., 

y*, s^; viii. K, 3° 

— V. 

— (=TTSWfT-^Tf^T) V. \\$ 
— iii. ^KAT; vi. y? 
— strt: sn^r: iii. ^ 
— ^TT iii. v. U ; . 

— V. 1^3, ^£ . 

— -sfwr v. vi. n, y* 

W i. \R; ii. ^; iv. vq, 
viii. 

*TSqTTTJp i. ^ 

Tsq^rf^PT iii. ? $ 

^fw: iv. 13 
Tsqr^ iv. ^y 



WTR^rf% v. ^ 

( = ?|Y) vii. ^ 
jf? (=ip^5^) iv. *s KY; vii. 

— (<rftfa) vii. ^ 
— ^5 iv. 
— w iv. y^ 
— ifKfw^TT iv. V 
— ^ vii. ?y, ^ 

— fa^ iv. Ys, 5(0, w 

— fafeiv. 

IF^FcJT^T iv. ^ 

TF&Z? iv. YY, Y*, Ye;, ^ ;' vii. $ $ 

IR, RfL, X* 

— *fTW Vi. Ye; 

— ^ iv. ^r 
— ^tT vii. ?y 

— %5 iv. Yq 

vii. ? ? 
^n^: ^t: iv. 
fwr iii. ^ ^ ; viii- R*. 
*ffa (=ttc^s^) iii. R; v. %\ 
rrf?r (— \s) i. ^3; iii. ^ 
q?r (=^f*jw) iii. y, iv 
?°; v. ^ 

(=1^ TTftr) iii. %i 
w iii. ?o, w, r\$ 
w% (=m<m) in. iv. ^st 
titer v. ^ 

— ^tst v. 3* 
wtivz v. 
*r«r iii. 

^(=^) i. \R, ^y, ^, u; 
iii. vii. ^ 



ippr (==?) i. ^; vii. * 
*TT?r i. <°; iv- 3*, V; viii. U 
jhkt (^^ftnnftm) iii. V, M', 
v. 

— *ft?r iii. ? a. 
ETpaftrfT (=^TT "3tTT) iii- V, 

vi. ^ 
iiFifiTrTT^r vi. 

3T»T i. vii - ^' 15 

— trerarc viii. ? 
^nftnrra i. n 

q-rcr (=**r) iv. ^ 
*ftir (— ?Rra) iii- 3 
_(=^iftT) vi. K°, 
— (=^ft) i. *t ^- i»- v » Y ^ 
iv *o, u, v. ?s ^; 
vii. 33 
__spn«P vi. a.o 
iftipfiH iii- *° 

iftaFT ii. 3; v. vi*^; 

vii. ^, 3* 
— s^f v. 
q|*Hm ii. ? 

^(=5:)i. ^, 33, ^, 33, 
iii. \, s >\ ^*V v. 3, t*; 
vii. .^.Vj c» H, W 
(=*3) viii. 3 
— *f>w\ iii. 33 

^fa^r fow i- 

^ (=t-) i. ^, 3*; iii. ?o, ^, 
^vs; vi. ^; vii. \\ 

?v, H^»«,U; iii- 



5.; v. 3; vii. \, 3, % ^, 3* 
Trftr (=swit) i. v\9, 
— i. ^o, ^, vo,^; iii. 

V*J iv. *V8, v. H> 
v*; vi. 3«, vii. 3$.; viii. 
U-l*, 3« 
— iv. *s 
— sffaT iii. S. 
xif v. V9, vii. 

w (=n) i. 33, 33, ^. v*; vii - 

Hi 3* 

(=?) i. v, *«» iii- 
^f^f^i+d iii- ^3 

?FT iii. 3?; v. vi. U. 3*, 3° 

(=-.^wsr¥R) i. 3? 
^ ii. ?; vi. Yo 

— TR^'T vi. V« 

^ (=^t^t) ii. iii- % ?3 

^^^^ (=5n^sn) iii. 33, 3^r 3^, 

vy, ^o; v. ?3, vi. 
^o; viii. 

v. ^ ^° ; vi. 

— ?Tlf^Tf V. 3^ 

m (=3f5r) i. iii- \\, %V, 

viii. 5 

ftrmi. ^5:; iii- *S 

vs?; iv. v. ^v; vi. ^v, viii. 

Yo, V?; vi. V(.V, *c;; viii. =; 
— f^^f (=ftf^n) i. ve 



spp ii. v, iv. vi. yk 
— ai% iv. W 

— iv. 
crfto% iv. ^ * 

<rf i. ^; iii. *s iv. 

U; v. %, H, ^, V, Yo, ^; 

vi. v, viii. ?v 
WT i- ^ 

V. YY, Yo, Ho, *Y 

<rg (=<;) L ^; v. vt; vii y, va, 
U, \3, ^ ^ 

efpiufr (=qf5^TT) vi. Y^ 

fa (=fcna-<r) vi. ^ 
faw i. s u, 3s; viii. *y, ^ 
fcffiftS ( = f^rT^TT) vi. n 
f%f^F^r iii. ^3 

fem iv. ^; v. U, 3?, 
\9^, w, vi. H.VX'*; vii. ^ 
— ^TT v. ?y, 1% 
fMr<rm iii. \so, vii. 3? 
f^rf^rTi. iii. 3V, iv. vi. 

Y*- 

fafesr v. r ? 
forftaTrq v. Yy. 
f%5^®RT iii. K 
l%5^TJR iii. x 
fawsr vi. 3 

faTSfisf V. Yo, ^3% 
— ^TT V. \\ 

fk^th^ (=f^rT) i. ^ 
fk%r\ (=o) vii. 
fiR^r v. ?y, ^; vi. m 
f^f¥^T i. I*, ^] v. ^; viii. ^ 



fa fi f fo w i. S3, 3^, 3s; v. >s; viii 

(=3RTT) ii. Y; iu. Y^; vi. 
V», X* 

fa«K«MW ii. ^ 
f^r(=^) i. iii. H 
r<wm< vii. *y 
foire (=k) iii. ?o 

f^ef^T v. \<9 

fa^r (=^t^tt) iii. x 

— iii. ?y 

— Wfn iii. ^° 
fa^^<4 <i ftm nsTfa^ iii. 5. 
faccpiws (=fa^T) iii. 9? 
fai^nm* iii. Y, \ ; iv. ^o, Y? ; 
v. 3, X, U, Y ^ ^1 vi - 

Yq. X.C 

ftwp* (=3) vii. *,H, ?^ 

fafra* (=°) "i- 
^ (=^pt) i. ^ 
iii. ^ ^ 

^(=y) i. R%; iii- V; v. 

y; vii. ^, \l 
tsrrcrf i. ys. 
f^5T iv. 

#Wt s>wt iii. «.!<. 

sq^m iv. \% 

*nm v. vii. 

_(=toTT) iii. ^o, ^; vi. 3 

— igvg iii. ^ 

— ^i-^fif^q iii, 

— f^rr vi. l% 

iii. %, iv - 

^o; v. y^; vi. 



aftt ( = o) i. vii. \a, «; 

WK<h (=3%3T) iii. OR 

^ iii. R, <*R, R°, R3, V»> ^ 
3 s v\9, vi, yt, w, vi. 1R, 
U. viii. V9, 5. 

wwi iii. ^9, U 
— sffar iii- ^ 

5rtFktw^ iii. o? 

<« 4> r<«Pr (=^TcFt) iii 3, *R 

( = i. n, 3R, ^, H; vii. 

u, u 

sun** ( = ?) iii. ?° 
— i. o 

srftr (=M) iii. ^ 5.; viii. R? 

— #?RP vi. S. 

— imr i. u 

— ^ran; viii. t 

— ?mn: i. viii. 3 

— 5RFf vi. ?R 
ijTMt (= ?) iii. * 
ftrftr (=3) iii. V; viii. R** 
ftmH'W vii. ?, n 

Pert ("=??) i- 3R 

jjfjrsr (=^5ft«r) iv. V*; 

vii. 3°, 3* 

— jpq iv. va ; vi. 
— %?s iv. 
— ^^RT iv. v 
— «r ^q- iv. 

— SETTCT^FT (=^ft^T t B^r) iv. 

— TTrr vii. 3 ? 
— vii. R^ t 

- fas iv. 
gfts n^H^i iv. ^R 



Fftsft^ iv. Y£, X3, V9, KfL; 
vi. *3; vii. 3, R* 

— era vii. ?v 
rflgftt^ ( = viii. R** 
itafor ( = ?) vii. R 
5f^rtw(=?) vii. * 
l^fa vi. *0 
"j^rrRT vi \\9 

sj^srfa vi. V R 
(=v») i. RV, iii- V 

sftaifta i. Rs 3°, 

sftsq' i. 3° 

sfto vi. ^ 

^f^T (=1^) V. RY 

ST*f*r iv. *3, W, vii. 3* 
*pp?ppr (=f^rr) ii iii- R* 3 
iv. U 
— fas' iv. 
^RPPfiRT iv. v ; viii ^ 
^rffT (= nwdi 5T) iii. ?3 
m (=w) vii. 

sim^ iii. 3 s viii. \*, U 

— *n "sftt viii. 

— iii. 
m\Xw\ ii. 5. 

*RfiF5T V. R?, OK! vi. *.R 

^chh^JT iii. 3o 

ott (=^) i. e, ?3, R*> 
WRTlfeR ii- « 

^PT^ (=^H^TT*nft*T) V. 33, 

^r^rrr iii. 

(=v) v. v; vii. R, viii. 

R? 



^rrrTOT («Kftm?r) iv. 3*. 
fer (=^i!*KH) vi. %, \9, ^ 

_(=^Sl) i. 

— w iv. 33; vi. 
— faff vi. U 
— *TFrvi. ^X 

(=H) viii. y 
igfa (— ^ J^'.ann) iii- X3 
ff^rv. W 
tfter (=w*:) v. v.\9 
ftsrfa (=^irf^) v. ^ 
forfcrcer (=fFRT£) ii. « 
ftw v. vi - ^° 

— TO V. 

— qf^fT V. 3* 

— ?TTSt V. ^5 

^ (=3mr5T) vi. v 
?kn. V, v. 3s V9 f W 
—to v. 

ft^L kr; v. h, 3$, 3^, u; 

viii. R\ 
PBsiL iii. ?VU> 
* iv. %, <3, ^, ^, u, 



U, *3, ^» ^> ^' v - 

?3, 3?, 3V, vi - *°> ^ 

vii. 3^; viii. *, 5. 
— #anc iv. 
— ^ iv. X? 

— ^tT ii. »; ^ ^ iv ' ^ 
— irf^ iv. S3, \° 
— v. ^ 
— ^ffT viii. * 

— TTsq - iv. v^, vv; vii. 3* 
— qWT iv. >R 
— #3T?T (ftf) V. X 
— xft^SffT^roT V. 3, 

— iv. v« 

(=s) iii- * c 
^ (=fafa3r) vi. -R3 
fTC i. v?, >r*,w,Y*; vi. 

vii. s 

— TTf^T i. 

( = 3HHptf) 1 3° 

— iv. 

— fro i- 

— tpt i. ?A 

f3TSTT (~3) V. Y 



srstw (usfto) i. v?, y*, v^; ii. *nf*tft i. Rs iii. 

fc; iii.' v, ^, ^, ^, ^, ^ 
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English Translation 



OF THE 

MAHA-BHASKARTYA 

CHAPTER I 

MEAN LONGITUDE OF A PLANET AND PLANETARY 
PULVERISER 

Homage to God Siva : 

1. I bow to God Sarnbhu who bears on His forehead a 
digit of the Moon illumining all directions by its rays, to Him 
whose feet are adored by the gods and who is the source of all 
knowledge. 

Homage to planets and stars : 

2. Glorious are the rays of the Sun which make the 
lotus blossom forth, (and those) of the Moon whose beauty is 
like that of the damsel's face, (as also are) the long and clear 
rays of the stars including Jupiter; so also is the lustre of Mars, 
Mercury, Saturn, and Venus. 

A benedictory stanza in appreciation of the Aryahhitiya and the 
pupils of Aryabhata I : 

3. May the accurate Ahmaka-tantra (ahmakam sphuta- 
tantram), which has been acquired by penance, live long in the 
world for its excellent qualities. May also the pupils of (Arya)- 
bhata, who are free from sins and have conquered the enemies 
of passions, live long. 

The asmakam sphuta-tantram ("the accurate Asmaka-tantra"), accor- 
ding to the commentators Govinda Svami and Paramesvara, is the Arya- 
bhafiya of Aryabhata I (born 476 A.D.). Govinda Svami writes : 

"By this (stanza) the author exhibits the greatness of the Arya- 
bhatiya, ..." 

So also has said Paramesvara : 

"tapobhih etc. is a benediction on the Aryabhata-tantra and the 
pupils of Aryabhata." 

Exclusive references to Aryabhata I and his work at several places 
in the present work and the name Aryabhata-karma-nibandha ("a compen- 
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dium of the astronomical processes taught by Aryabhata") given to this work 
by the author* indeed show that asmakam sphuta-tantram is none else than 
the Aryabhatiya. 

The word asmaka (asmaka+an) literally means "pertaining to 
Asmaka", and likewise aimakam sphuta-tantram means "an accurate work 
on astronomy written, studied, or venerated in Asmaka, or belonging to 
Asmaka". This seems to suggest that Aryabhata I, the author of that 
work, belonged to the Asmaka country. 2 It is noteworthy in this connec- 
tion that according to Nilakantha (1500 A.D.) he was born in that 
country. 8 

Reference to the Aryabhatiya in the above stanza at the beginning of 
this work is meant, as stated in the Prayoga-racana and by Govinda Svami 
to indicate the school to which the present work belongs. 

MEAN LONGITUDE OF A PLANET 
A rule for calculating thelahargana : . 

4-6. Add 3179 to the number of elapsed years of Saka 
kings; then multiply (that sum) by 12; and then add the num- 
ber of months elapsed (since the beginning of Caitra). Put 
down the result at two places. At one place multiply (that) by 
the number of intercalary months in a yuga and divide by the 
number of solar months in a yuga; and add the resulting inter- 
calary months (omitting the fraction of a month) to the result 
put at the other place. Multiply tha tsum by 30 and then add 
the number of lunar days (tithis) elapsed (since the beginning 
of the current month). Set down the result (i.e., the sum 
obtained) at two places. At one place multiply that by the 
number of omitted lunar days (in a yuga) and divide by the 
number of lunar days (in a yuga), and subtract the resulting 
omitted lunar days (neglecting the fraction of a day) from the 
result set down at the other place. The result (thus obtained) is 
the number of (mean) civil days elapsed since the beginning of Kali- 
yuga (at mean sunrise at Lanka on the given lunar day). These 

1 See vs. 26 of Chapter VIII. 

* For the Asmaka country, see Part I, Chapter 2. 

• See Nilakantha's comm. pn A t ii. 1, 
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days are said to have commenced with Friday and at sunrise 
(at Lanka). 1 

The above rule tells us how to determine the number of mean civil 
days elapsed at mean sunrise at Lanka on the given lunar day (tithi) since 
the beginning of Kaliyuga (when all the planets were in conjunction at the 
first point of the asterism Asvini). According to Aryabhata I and 
Bhaskara I, the duration of Kaliyuga is 10,80,000 years and it began on 
Friday, February 18, B.C. 3102, at sunrise at Lartka 2 in the beginning of the 
month Caitra. The Saka Era, which is usually used in Hindu astronomy for 
reckoning the years, commenced 3179 years after the beginning of Kaliyuga. 

Caitra is the first month of the year. The months in Hindu astro- 
nomy are reckoned from one new moon to the next. 

The yuga is a period of 43,20,000 years. At the beginning and end 
of a yuga the planets together with the Moon's apogee and ascending node 
are supposed to be in general conjunction. The number of intercalary 
months in a yuga denotes the excess of the number of lunar months in a 
yuga over the number of solar months in a yuga. The number of omitted 
lunar days in a yuga is equal to the number of lunar days in a yuga minus 
the number of civil days in a yuga. The number of intercalary months, 
omitted lunar days, etc., in a yuga are given in the seventh chapter 3 . 

In the rule stated above, the given true lunar month is treated as a 
mean lunar month and the given true lunar day is treated as a mean lunar 
day. The following is an explanation of the above rule : 

K ; ?' 

Fig. 1 

Let K denote the beginning of Kaliyuga; AA', the current mean 
lunar month; L, the beginning of the current mean lunar day; and s, the 
m ean sunrise on that day. Also let S denote the beginning of the corres- 
ponding mean solar month 4 ; and s', the beginning of the mean solar day 

1 The same rule occurs also in LBh, i. 4-8 and TS, i. 23-26 (i). For 
Other similar rules, see SuSi, i. 47-50; BrSpSi, i. 29-30, 34 (i); &Wj, 
/, i. 15-17; MSi, i. 21-22; S&e, ii. 15-17; Si&i, I, i (c), h-3; SiSa, i. 44-47. 

2 Lanka is a hypothetical place where the Hindu prime meridian 
("the meridian of Ujjain") intersects the equator. 

3 See verses 1-8. 

* That is to say, if A is the beginning of the rth mean lunar month, 
then S is the beginning of the rth mean solar month. 
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corresponding to the current mean lunar day, so that the number of mean 

solar days between S and s' is equal to the number of mean lunar days 

between A and L. / 

Adding 3179 to the number of elapsed years of the Saka Era, we 
obtain the number of solar years elapsed since the beginning of Kaliyuga. 
Multiplying that sum by 12 and adding to the product the number of 
months elapsed since the beginning of Caitra, we get the number of mean 
solar months elapsed since the beginning of Kaliyuga. This number is 
equal to the number of mean solar months lying between K and S. (See 
Fig. 1.) Let us denote it by M. When we multiply M by the number of 
intercalary months in a yuga and divide by the number of solar months in 
a yuga, we obtain the number of mean intercalary months corresponding 
to M mean solar months. This number is, in general, made up of a whole 
number and a fraction. The fraction evidently denotes the fraction of a 
mean lunar month lying between A and S. 1 When the whole number of mean 
intercalary months is added to M, we get the number of mean lunar 
• months lying between K and A. 8 When we multiply that by 30 and add 
to the product the number of lunar days (tithis) elapsed since the beginning 
of the current lunar month, we get the number of mean lunar days lying 
between K and L. Let us denote this number by T. When we multiply 
T by the number of omitted lunar days in a yuga and divide by the num- 
ber of lunar days in a yuga, we get the number of mean omitted lunar days 
corresponding toT mean lunar days. This also, in general, consists of a 
whole number and a fraction. The fraction evidently denotes the part of 
a mean civil day lying between L and s.* When the whole number of mean 
omitted lunar days is subtracted from T, we get the number of mean civil 
days lying between K and s* This is, in general, the number of mean 
civil days elapsed at mean sunrise at Lanka on the given lunar day since 
the beginning of Kaliyuga. This, numbers known as "ah argana (hterally 
meaning "a collection of days"). In the above passage, Bhaskara I has 
called it by the synonym ahriarh nicayah. 

The mean lunar day (madhyama-tithi) may, however, differ from a 
true lunar day (spasta-tithi)by one, so that the ahargana obtained by the 

i See Si&i, 11, iv. 16. 

a If we add the whole number of mean intercalary months as also 
the fraction, we shall get the mean lunar days lying between K and S. 
3 See Siki, II, iv. 18 (i). 

* If we subtract the whole number of mean omitted lunar days as 
also the fraction, we shaU get the mean civil days lying between K and L. 



AttAkGANA 



5 



above process may sometimes be in excess or defect by one. To test 
whether the ahargana (obtained by the above process) is correct, it is divided 
by seven and the remainder counted with Friday. If this leads to the day 
of calculation, the ahargana is correct; if that leads to the preceding day, 
the ahargana is in defect; and if that leads to the succeeding day, the 
ahargana is in excess. When the ahargana is found to be in defect, it is 
increased by one; when it is found to be in excess, it is diminished by 
one. 

Similarly, when a true intercalary month has recently occurred prior 
to the given lunar month or is about to occur thereafter, the true lunar 
month may differ from the mean lunar month by one. When a true 
intercalary month has occurred prior to the given month and the intercalary 
fraction amounts to one month approximately, then the whole number of 
mean intercalary months obtained in the above process is increased by 
one. 1 When no intercalary month has occurred prior to the given month 
but the intercalary fraction is small enough, the whole number of mean 
intercalary months obtained in the above process in diminished by one? 

The word tithi'm verse 4 stands for 30. It is generally used to 
denote the number 15. 

An alternative rule: 

7., Or, multiply the number of (solar) months elapsed (since 
the beginning of Kaliyuga) by the number of lunar months (in a 
yuga) and divide by the number of solar months (in a yuga). 
Reduce the quotient to days (and add the number of lunar days 
elapsed since the beginning of the current lunar month); then 
multiply by the number of civil days (in a yuga) and divide by 
the number of lunar days (in a yuga); the quotient denotes the 
ahargana. 3 

The number of solar months elapsed since the beginning of Kaliyuga 
is equal to the number of mean solar months lying between K and S. 



1 "If the current lunar month is preceded by an intercalary month, 
then that intercalary month should also be treated as a lunar month." 
(Paramesvara). 

* Cf. Si&i, I, i (f). 3. 

8 The same rule occurs also in BrSpSi, xiii. 18 and Si&e, ii. 3. 
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(See Fig. 1.) Let us denote this number by Af, as before. When we 
multiply M by the number of lunar months in a yuga, and divide by the 
number of solar months in a yuga we obtain the number of mean 
lunar months corresponding to M irean solar days. This number is 
in general, made up of a whole number and a fraction. The whole, 
number, which is the quotient of the division, denotes the number of mean 
lunar months lying between K and A. Multiplying this by 30 and adding 
to it the number of lunar days elapsed since the beginning of the currenj 
month, we get the number of mean lunar days lying between 
K and L. Let us denote this number by J as before. When we 
multiply T by the number of civil days in a yuga and divide by 
the number of lunar days in a yuga, we get the number of mean civil days 
corresponding to T mean lunar days. If this number be a whole number, 
then it denotes the number of mean civil days lying between K and s and 
is therefore the ahargana. (This case will occur when L and s coincide). 
If that number is made up of a whole number and a fraction, then the whole 
number as increased by one will be the ahargana. This addition of one 
is not mentioned in the above stanza. It is stated later in verse 40. 1 

Statement of the proportion used in finding the mean longitude 
of a planet: 

8. If from the civil days (corresponding to a yuga) we get 
the tabulated revolutions of a planet, how many of those (revo- 
lutions) will we get from the civil days elapsed since the begin- 
ning of Kaliyuga % Thus (i.e., by applying this proportion) 
are obtained the revolutions (performed by the planet), and 
then successively the signs, degrees, minutes, seconds, and thirds 
(of the planet's mean longitude).* 



1 "This ahargana has sometimes to be increased by one as the author 
will say later." (Paramesvara). So also says Govinda SVami. See also 
BrSpSi, xiii. 18 and Si&e, ii. 3. 

2 Cf. SuSi, i. 53; BrSpSi, 1 31; LBh, i. 15-17 (i); SiDVr, I, i. 21 (i); 
MSi, i. 25 (i); SiSe, ii. 14; Si&i, /, i (c). 4; SiSa, i. 53. 



DERIVATION OF MEAN LONGITUDE 1 

That is to say, 

mean longitude of a planet in revolutions 

_ (revolution-number of the planet) x (ahargana) 
civil days in a yuga 

A rule for deriving the mean longitude of a planet from that of 
the Sun: 

9. Keduce the Sun's mean longitude (given in terms of 
signs, degrees, and minutes) together with the years elapsed 
(treated as revolutions) to minutes of arc. Multiply them by 
the planet's own revolution-number stated in the Gitika 1 and 
divide (the product) by the number of (solar) years in a yuga. 
The result, say (the learned), is the planet's mean longitude in 
terms of minutes. 

That is to say, 

mean longitude of a planet in terms of minutes 

(Sun's mean longitude in revolutions etc. reduced to 

minutes) x (planefs revolution-number) 

Sun's revolution-number 

A rule for deriving the mean longitude of a planet from the 
mean longitude of the Moon or a planet or the ucca of a planet. 

10. The (mean) longitude of the Moon, the planet, or the 
ucca (whichever is known) together with the revolutions per- 
formed should be reduced to minutes. The resulting minutes 
should then be multiplied by the revolution-number of the 
desired planet and (the product obtained should be) divided by 
the revolution-number of that (known) planet. The result is 
(the mean longitude of the desired planet) in terms of minutes. 2 



1 This is the name of the first chapter of the Aryabhafiya. 
1 This rule occurs also in BrSpSi, xiii. 27; SiDVr, /, i. 30 (i); SiSe, 
ii, 25-265 Si&f, I, i (c). 14 (i). 
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That is to say 
mean longitude bf the desired planet in minutes 

(mean longitude of the known planet in revolutions, etc., 
reduced to minutes) x (revolution-number of the desired 

„ planet) ' 

revolution-number of the known planet 

This rule and the previous one are based on the following principle. 

If there are two planets P and Q, then 

revolution-number of P : revolution-number of Q 

: : (mean longitude of P in revolutions etc.) : (mean longitude of Q in 
revolutions etc.). 

Alternative rules for deriving the mean longitude of the Moon 
from that of the Sun and vice versa: 

1 1 . Or, multiply the akargana by the number of intercalary 
months in a yuga and divide (the product) by the number of 
civil days (in a yuga) : the result is in terms of revolutions, etc. 
Add that to thirteen times the mean longitude of the Sun. 
(This is the process) to obtain the mean longitude of the Moon. 1 

12. Or, subtract the result obtained (in revolutions etc.) 
from the mean longitude of the Moon and take one- thirteenth 
of the remainder : this is stated to be the mean longitude of the 
Sun by the mathematicians whose intellect has been awakened 
by the grace of the teacher. 

The following is the rationale : 

We know that 

intercalary months in a yuga 

= lunar months in a yuga — solar months in a yuga. 
But lunar months in a yuga 

= Moon's revolution-number — Sun's revolution-number; 
and solar months in a yuga =12 (Sun's revolution number). 



1 This rule is found also in SrSpSi, xiii, 33; &DVr, I, i. 24 (ii); SiSe, 

ii. 19. 
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Therefore, we have 

intercalary months in a yuga 

— Moon's revolution-number — 13 (Sun's revolution-number), 

giving 

Moon's revolution-number 

= intercalary months in a yuga 4-13 (Sun's revolution-number). 

Multiplying the two sides of this equation by the ahargana and 
dividing by the number of civil days in a yuga, we get 

mean longitude of the Moon 

(intercalary months in a yuga) x (ahargana) revolutions 
civil days in a, yuga 

+ 13 (Sun's mean longitude). ... (1) 

And rearranging this equation, we have 

r 

mean longitude of the Sun = (1/13) ^ mean longitude of the Moon 

(intercalary months in a yuga) x ahargana , . "1 

— i — — . — — revolutions >- . 

civil days in a yuga j 

(2) 

A rule for calculating the mean longitudes of the Sun and the 
Moon without making use of the ahargana : 

13-19. For one (desirous of) calculating the mean longitudes 
of the Moon and the Sun without the use of the ahargana, the 
following method is stated : 

Reduce the years (elapsed since the beginning of Kaliyuga) 
to months, and add to them the elapsed months (of the current 
year). Then multiply that (sum) by 30, and add the product to 
the number of (lunar) days elapsed since the beginning of the 
current month. Multiply that (sum) by the number of intercalary 
months (in a yuga) and divide by the number of solar months in 
a yuga reduced to days : the quotient denotes the number of 
intercalary months (elapsed). Delete (or rub out) the divisor 
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and divide the remainder (called adhimasa&esa, i.e., the residue 
of the intercalary months) by the number of lunar months (in a 
yuga) : thus are obtained degrees, minutes, seconds, and thirds. 
Then multiply the (complete) intercalary months elapsed by 30 
and to the product add the number of solar days (elapsed since 
the beginning of Kaliyuga) ; then multiply that (sum) by the 
number of omitted lunar days in a yuga and divide by the 
number of lunar days (in a yuga) : the remainder obtained is 
(the avamaiesa, i.e., the residue of the omitted lunar days) called 
ahnika. Then multiply the avama&es.a by the number of inter- 
calary months (in a yuga) and divide by the number of civil 
days (in a yuga). Add the resulting quotient to the adhimasaiesa 
and then apply the process stated above (i.e., divide by the 
number of lunar months in a yuga : the result is in degrees, 
minutes, etc. This is the total adhimasaiesa). Next multiply, 
the avama&esa called ahnika by 60 and divide by the number of 
civil days in a yuga : the result is in minutes, seconds, and 
thirds respectively. The number of months elapsed (since the 
beginning of Caitra) are to be taken as signs, and the number 
of lunar days elapsed (of the current month) as degrees. (The 
sum of these signs and degrees and the minutes, seconds, etc. 
corresponding to the avamaiesa is the grahatanu). From 
thirteen times and from one time that (grahatanu) severally 
subtract the degrees, minutes, etc. corresponding to the (total) 
adhimasaSesa : the remainders (thus obtained) are stated by 
the wise astronomers to be the mean longitudes of the Moon 
and and Sun (respectively) conforming to the teachings of 
(Arya)bhata. 1 

The process described in the above rule is not in proper sequence. 
The direction given in verse 15 ought to have been after verse 17. Stated 
in proper sequence, the rule would be : 



1 This rule occurs also in BrSpSi, xiii. 20-22; KK (Sengupta), i. 11-12; 
and SiSe, ii. 21-22. For similar rules, see SiDVr, I, i. 27, 25-26; and 
Si&i, I, i (c). 6-7, 
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"Reduce the years (elapsed since the beginning of Kaliyuga) to 
months, and add to them the elapsed months (of the current year). Then 
multiply the sum by 30, and add the product to the number of (lunar) days 
elapsed since the beginning of the current month. Multiply that sum by 
the number of intercalary months (in a yuga) and divide by the number of 
solar months in a yuga reduced to days : the quotient denotes the number 
of intercalary months (elapsed). (The remainder is the adhimasasesa). 
Multiply the (complete) intercalary months (thus obtained) by 30 and to 
the product add the number of solar days (elapsed since the beginning of 
Kaliyuga) then multiply that (sum) by the number of omitted lunar 
days in a yuga and divide by the number of lunar days (in a yuga); the 
remainder obtained is (the avamasesa) called ahnika. Then multiply the 
avamasesa (called ahnika) by the number of intercalary months (in a yuga) 
and divide by the number of civil days (in a yuga). Add the resulting 
quotient to the adhimasasesa and divide the sum by the number of lunar 
months in a yuga : this gives degrees, etc. (This is the total adhimasasesa.) 
Next multiply (again) the avamasesa called ahnika by 60 and divide by the 
number of civil days in a yuga : the result is in minutes, seconds, and thirds, 
etc. The number of months elapsed (since the beginning of Caitra) are 
to be taken as signs and the number of lunar days elapsed (of the current 
month) as degrees. (The sum of these signs and degrees, and the minutes, 
seconds, etc. corresponding to the avamasesa is the grahatanu). From 
thirteen times and from one time that (grahatanu) severally subtract the 
degrees, minutes, etc. corresponding to the (total) adhimasasesa: the 
remainders (thus obtained) are stated by the wise astronomers to be the 
mean longitudes of the Moon and the Sun (respectively) conforming to 
the teachings of (Zrya)bhata." 

The following is the rationale of the above rule : 

The fraction of the intercalary month (obtained in the rule) 

_ adhimasasesa 



solar days in a yuga > 



in mean lunar months. 



1 By the number of solar days here is meant the number obtained 
above by 'reducing the years elapsed since the beginning of Kaliyuga to 
months, then adding to them the number of months elapsed since the 
beginning of the current year, then multiplying the sum by 30. and then 
adding to the product thus obtained the "number of lunar days elapsed of 
the current month'. 
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= ^himasakesa > ^ mean ^ months> 

lunar days in a yuga ^ ' 

The fraction of the omitted lunar day (obtained in the rule) 

= avamasesa orahnika^ ^ mgan dvfl days _ 
lunar days in a yuga 

avamasesa in mean lunar days . 



civil days in a yuga 

avamasesa x 60 
civil days in a yuga 



, in mean lunar ghatis. ( 2 ) 



The fraction of the intercalary month corresponding to the above fraction 
of the omitted lunar day 

_ (inte rcalary months in a yuga) x (avamasesa) 
~ (lunar days in a yuga) x (civil days in a yuga)' 

in mean solar months. (3) 

Adding (1) and (3) and multiplying by 30, the total fraction of the 
intercalary month 

adhimasasesa 



lunar months in a yuga 



(i ntercalary months in a yuga) X {avamasesa) 
+ (lunar months in a yuga) X (civil days in a yuga) 

in mean solar days. (4) 

Suppose that m lunar months and d lunar days have elapsed since the 
beginning of Caitra. Then, treating them as mean lunar months and mean 
lunar days, m months and d days denote the time elapsed since the 
beginning of mean Caitra up to the beginning of the current lunar day 
(treated as mean lunar day). As (2) is the interval, in mean lunar ghatis, 
between the beginning of the current lunar day and the mean sunrise on 
that day, therefore 



m months + d days + (2) 
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denotes the time in mean iunar months, days, and ghatis 1 elapsed 
since the beginning of mean Caitra up to the mean sunrise on the current 
lunar day. Likewise 

m months -f d days + (2)— (4) 
denotes the time in mean solar months, days, ghatis, etc. elapsed 
since the beginning of the curent mean solar year up to the mean sunrise 
on the current lunar day. 2 

Let M, D, G, V, and P denote respectively the mean solar months, 
mean solar days, mean solar ghatis, mean solar vighatis, and mean solar 
pravighath elapsed since the beginning of the current mean solar year up 
to the mean sunrise on the current lunar day. Then evidently 

mean longitude of the Sun 

= M signs, D degrees, G minutes, V seconds, and P thirds. 
= (m signs and d degrees) + [minutes, seconds, etc. 
corresponding to (2)] — [degrees, minutes, etc. 
corresponding to (4)]; N 

and mean longitude of the Moon 

= 13 [m signs and d degrees 
corresponding to (2) ) ] — 
corresponding to (4) ], 

because 

(1/12) (mean longitude of the Moon — mean longitude of the Sun) 
= m signs + d degrees + [minutes, seconds, etc. 
corresponding to (2) ]. 3 

1 1 hour = 2\ ghatis, 
1 ghati = 60 vighatis, 
1 vighati — 60 pravighath. 

2 Because (4) is equal to 

{ fraction of a lunar month between the beginning of Caitra and the 
beginning of the current mean solar year } + { fraction of an 
intercalary month corresponding to the tithis elapsed up to the 
beginning of the current mean lunar day since the beginning of 
Caitra } + { fraction of an intercalary month corresponding to the 
avamasesa, i.e, the lunar portion between the beginning of the 
current lunar date and the following sunrise }. 

3 This equality is based on the fact that the left hand side denotes 
the mean lunar date {madhyama-tithi). Vide infra, iv. 31. 



+ (minutes, seconds, etc. 
- [degrees, minutes, etc. 
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It must be noted that, unless otherwise stated, the mean lunar day 
and the mean sunrise, etc., correspond to Lanka 1 , and that 'the mean 
longitude of a planet' means 'the mean longitude for mean sunrise at 
Lanka'. 

Sripati gives in addition to the above rule, the following two interes- 
ting rules also. It may be pointed out that Sripati uses a period of 
4,32,00,00,000 years called a kalpa in place of a yuga. 

Rule I. 

Moon's Jongitude = Sun's longitude + 12 -f tithis elapsed up to the 

I 

„ , . , avamasesa | , 

beginning of the current tithi + . ' : — '-r—. — >■ degrees. 

°^ civil days in a kalpa j 

Sun's longitude = Moon's longitude — 12 ^ tithis elapsed up to the 

beginning of the current tithi 4- avamasesa , ^g^g 

civil days in a kalpa J 

Cf. Si&e, ii, 20. 

Rule 2. 

Moon's longitude = Sun's longitude + 12 (tithis elapsed up to the 

beginning of the current tithi) degrees + (Moon's daily motion in degrees— 

c , . m . j x avamasesa 1 

Sun s daily motion in degrees) x, = r- = — tt- r • 

lunar days m a kalpa I 



r 

Sun's longitude = Moon's longitude — 12 <{ (tithis elapsed up to the 

, v , f avamasesa 1 ... , 

beginning of the current tithi) degrees days in a kalpa j * (Moon s 

daily motion in degrees — Sun's daily motion in degrees\ . 

Cf. SiSe, ii. 24. 



1 Vide supra, p. 3 (footnote) . 
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Proof:— 

Moon 's longitude at sunrise — Sun's longitude at sunrise 
12 

= tithi at sunrise 

= tithi at the beginning of the current tithi -f tithi corres- 

. avamaiesa 

ponding to _ _ . — 

lunar days in a kalpa 

= tithi at the beginning of the current tithi 

Moon's daily motion in degrees — Sun's daily motion in degrees 
_ _ 

avamasesa 



+ 



lunar days in a kalpa 
because tithi corresponding to 1 civil day 

Moon's daily motion in degrees -— Sun's daily motion in degrees m 

Another rule for finding the mean longitude of a planet : 

20. Divide the (yqjanas of the) circumference of the sky by 
the number of civil days (in a yuga) : the result is the number 
of yqjanas traversed (by a planet) per day. By those (yqjanas) 
multiply the ahargana and then divide (the product) by the 
length (in yojanas) of the own orbit of the planet. From that 
are obtained the revolutions, signs, etc. (of the mean longitude 
of the planet). 

From stanza 8 above, we have 

mean longitude of a planet 

_ ( revolution-n umber of the planet ) X ( ahargana ) _ 
civil days in a yuga 

But from vii. 20 

length of a planet's orbit 

circumference of the sky 1 



revolution-number of the planet * 



1 For the length of the circumference of the sky, see vii, 20, 
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so that 

revolution-number of a planet 

_ circumference of the sky 
length of the planet's orbit' 

Hence we have 

mean longitude of a planet 

_ ( circumference of the sky ) x ahargana 

(civil days in ayuga) x (length of the planet's orbit)* 

Introduction to the topic discussed in the succeeding eighteen 
stanzas : 

21 . After a careful study of the ocean of the A&makiya 
sastras (iastrarnavam aSmakiyam) I reveal the planetary proce- 
• dure, the secret there, (hitherto) unnoticed by the other follow- 
ers of the A&makiya (a&makiyaih) by means of simplified 
rules (laghu-tantra). 

Asmakiyam (literally meaning 'a book written by one born in or 
belonging to the Asmaka country') refers to the Asmaka-tantra (i.e., 
Aryabhafiya) mentioned in stanza 3 above, asmakiyah means "the follo- 
wers of the Asmakiya", or, as the commentator Paramesvara says, "the 
pupils (or followers) of Aryabhata I" 1 . 

The stanza under consideration shows that Bhaskara I, the author 
of the present work, was the earliest Asmakiya ("follower of Aryabhata I") 
to give the method of the pratyabda-suddhi stated in the next eighteen 
stanzas. The method was, however, not invented by him. In his commen- 
tary on the Aryabhatiya he himself writes that it was already in use 
amongst the followers of the Romaka-siddhanta. 2 It occurs in the Brahma- 
sphuta-siddhanta also. 



1 "asmakiya aryabhatasisyah" (Paramesvara) 

2 See comm r on A, in\ 10 f 
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A rule for determining the number of mean lunar days lying 
between the beginning of mean Caitra and the beginning of the 
mean solar year : 

22. Always having ascertained the number of years (elap- 
sed since the beginning of Kaliyuga), multiply them by 11 and by 
389/6000 (separately). Add the two results, and divide the sum 
(thus obtained) by 30. The quotient of division denotes (the 
mean intercalary) months, and the remainder (the mean inter- 
calary) days. 

The mean intercalary days obtained from this rule are equal to the 
number of mean lunar days lying between the beginning of mean Caitra 
and the beginning of the mean solar year. 

The number of mean intercalary days in a mean solar year is equal 
to 11 + 389/6000. Hence the above rule. 

A rule for finding the number of mean lunar days elap- 
sed at the beginning of the mean solar year since the occurrence 
of a mean omitted lunar day : 

23. Multiply (the number of years elapsed since the 
beginning of Kaliyuga) by 29 as divided by 36 (i.e., by 29/36). 
Again multiply the same (number of years) by 43 and divide by 
72000. The sum of the two quotients gives the (residual mean 
omitted lunar) days. (Multiply the remainder of the first division 
by 2000, increase the product by the remainder of the second 
division, and then) divide (the sum) by 1125 : then are obtained 
(the mean lunar) days (which have elapsed at the beginning of 
the mean solar year since the occurrence of a mean omitted 
lunar day). 

The number of mean omitted lunar days in a mean solar year is 
5 + 29/36 + 43/72000; and the number of mean lunar days between two 
successive mean omitted lunar days is approximately 64. Hence the 
above rule, 
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A rule for finding the number of mean lunar days elapsed at 
the beginning of mean Caitra since the occurrence of a mean 
omitted lunar day : 

24. From them (i.e., from the mean lunar days elapsed at 
the beginning of the mean solar year since the occurrence of a 
mean omitted lunar day) subtract the mean intercalary days 
(obtained in stanza 22 above): the remainder (obtained) is the 
time (in terms of mean lunar days) elapsed (at the commence- 
ment of mean Caitra) since the fall of a (mean) omitted 
lunar day. In case the subtraction is not possible, add 64 (to 
the minuend) and then from the sum perform the subtraction. 

The subtraction is not possible when a mean omitted lunar day happens 
to fall between the beginning of mean Caitra and the beginning of the mean 
solar year. In such a case the omitted lunar days (obtained in stanza 23) 
should be diminished by one. 

A rule for finding the lord of the year : 

25-26(i). Divide the sum" of the months 1 (which have ela- 
psed at the beginning of the mean solar year since the beginning 
of Kaliyuga) and the (corresponding complete mean) intercalary 
months (obtained in stanza 22) by seven ; and multiply the 
remainder by 30. Now we say what is to be subtracted from 
this: Divide the number of years elapsed since the beginning of 
Kaliyuga by seven and multiply the remainder (of the division) 
by five, add this product to the number of (residual mean) omitted 
lunar days (obtained in stanza 23) and divide the sum by seven: 
the remainder (of this division is the quantity to be subtracted). 
(Divide the difference of this quantity and the one obtained 
previously, by seven). The remainder increased by one counted 
with Friday gives the lord of the year (i.e., the planet presiding 
over the first day of Caitra). So has been stated by the learned. 



1 These months are mean solar months and are obtained by multi- 
plying the years elapsed since the beginning of Kaliyuga by twelve. 
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The number of mean civil days elapsed at the beginning of the 
mean solar year 

= 12 x 30 x (solar years elapsed) + (11 + 389/6000) x (solar years 
elapsed) - (5+29/36 + 43/72000) x (solar years elapsed) 

= 30 x (solar months elapsed + mean intercalary months obtained 
in stanza 22) + mean intercalary days obtained in stanza 22 — 
(5 x solar years elapsed + residual mean omitted lunar days 
obtained in stanza 23). 

Therefore, the number of mean civil days elapsed on the first day of 
mean Caitra (or true Caitra) 1 

= 30 x (solar months elapsed + mean intercalany months obtain- 
ed in stanza 22) — (5 x solars years elapsed + residual mean 
omitted lunar days obtained in stanza 23). 

%When these civil days are increased by one and divided by seven, 

the remainder of the division counted with Friday gives the day on 

which Caitra begins. In the above rule the author has avoided big numbers 

by dividing by seven at every stage. His rule is therefore easy to apply 
in practice. 

A rule for finding the the number of mean omitted lunar days 
occurring since the fall of the mean omitted lunar day just before 
the beginning of mean Caitra : 

26(ii). Increase the number of (lunar) days (elapsed since 
the beginning of Caitra) by the number of (mean lunar) days 
elapsed (at the beginning of Caitra) since the fall of a mean 
omitted lunar day, and divide that (sum) by 64: the quotient 
gives the number of (mean) omitted lunar days (which have 
occurred since the mean omitted lunar day occurring before the 
begmnmg of Caitra) : 

A rule for finding the number of mean lunar days lying 
between the beginning of mean Caitra and the beginning of the 
mean solar year (called "the subtractive") : 

1 The first day of true Caitra may sometimes differ from that of mean 
Caitra by one day. 
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27-28. Multiply the number of years (elapsed since the 
beginning of Kaliyuga) by 149 and then divide by 576: the 
quotient is in terms of days. Add these days to ten times the 
number of years (elapsed): thus are obtained the so called ravija 
days. To the ravija days add the (residual mean) omitted lunar 
days obtained above (in stanza 23). From the sum subtract 
the (complete mean) intercalary months (obtained in stanza 22) 
as multiplied by 30. Whatever is obtained as the remainder 
is "the subtractive" for the (current) year. When the subtra- 
hend is greater, then the difference is prescribed as "the 
additive". 

Let 7 denote the number of years elapsed since the beginning of 
Kaliyuga. 

The number of mean civil days in one mean solar year ^ 

= 365 + 149/576. 
Therefore, the number of mean civil days in 7 mean solar years 

= 3657 + (149/576)7 

= 365 7 4- residual mean civil days. (1) 
The number of mean omitted lunar days in Y mean solar years 
= (5 + 29/36 + 43/72000)7 

= 57 + residual mean omitted lunar days. (2) 

Adding (1) and (2), the number of mean lunar days in 7 mean 
solar years 

= 3707 + residual mean civil days 

+ residual mean omitted lunar days. 

From (3) subtracting 3607 (j. e., the number of mean solar 
7 years), the number of mean intercalary days in 7 solar years 
= 107 + residual mean civil days 

+ residual mean omitted lunar days. 

Subtracting the complete mean intercalary months (elapsed since the 
beginning of Kaliyuga as reduced to days) from(4),we get the residual mean 
intercalary days. These are equal to the mean lunar days lying between the 
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beginning of mean Caitra and the beginning of the mean solar year, and 
constitute the so called "subtractive." 

The definition of the so called grahatanu for the Moon, Mars, 
Jupiter, and Saturn : 

29. The number of years elapsed (since the commencement 
of Kaliyuga) multiplied by 360 is always called grahatanu. The 
(mean) longitudes (reduced to degrees) of the planets (Sun, 
Mercury, and Venus) together with the grahatanu are called 
dhruvaka by the learned. 

The term grahatanu denotes the number of mean solar days elapsed 
at the beginning of the mean solar year since the beginning of Kaliyuga. 
This grahatanu, as remarks the commentator Paramesvara, is really a part 
of the grahatanu. 

The dhruvaka (i.e., complete grahatanu) denotes the number of mean 
solar days elapsed on the given lunar day since the beginning of Kaliyuga. 
The above dhruvaka, or grahatanu, is defined for the Moon, Mars, Jupiter, 
and Saturn only; that for the Sun, Mercury, and Venus is denned in the 
next stanza. 

The grahatanu for the Sun, Mercury, and Venus : 

30. Diminish the (lunar) days elapsed since the beginning 
of Caitra by the corresponding complete omitted lunar days 
(obtained in the second half of stanza 26) and divide (the 
difference) by seven : the remainder (of the division) counted 
with the first day of Caitra is said to give the (current) day. From 
that, the "subtractive" for the year (obtained in stanzas 27-28) 
should also be subtracted. (But it must be remembered that) 
the minuend of this subtraction is the difference of the previous 
subtraction and not the other (i.e., not the remainder of the 
division). (The remainder obtained by subtracting the "subtrac- 
tive" is the grahatanu for the Sun, Mercury, and Venus. It 
denotes the number of mean civil days elapsed since the 
beginning of the mean solar year). 

The number of mean civil days elapsed since the beginning of the 
mean solar year is generally known as laghvahargana ("smaller ahargana"). 
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Rules for finding the laghvahargana occur in the Brahma-sphuta-siddhanttP, 
the Sisya-dhi-vrddhida\ the Siddhanta-iekham\ and the Siddhanta-siromani\ 
etc., but the process described in the above rule is slightly different from 
them. 

A rule for finding of the mean longitudes of the Sun, Mercury, 
and Venus : 

31. Divide the grahadeha (for the Sun) by 70: the result is in 
days, etc. Then multiply one-fifth of the grahadeha by 2: the 
result is in vighatikasr These (days and vighatilas) subtracted 
from the grahadeha are stated to be (the degrees, minutes, etc. 
of) the mean longitudes of the Sun, Mercury, and Venus. 6 

The grahadeha is the same as grahatanu defined above. The following 
is the rationale of the above rule. 

Rationale 1. 

The grahadeha is in terms of mean civil days. T'lis has to be 
converted into mean solar days. 

The difference between civil and solar days in a yuga 
= 1577917500 — 1555200000 
= 22717500 days. 

Therefore, this difference per mean civil day 
= 2271 7500/1 57791 7500 of a day 
= 1/70 of a day — 2/5 of a vighatika approx. 



1 i. 42-43. 
3 /, i. 37. 
s ii. 40-41 (i). 
i(e). 12-13. 

5 The same rule occurs also in &DV r , /, i. 39 andin GL, i. 10(i). Similar 
rules occur in BrSpSi, i. 44; MS, i. 26 ; Si&e, ii. 42, 43; Si&i, I, i(d). 15; SiSa, 
i. 105; KPr, i. 4; KKau, i. 16; KKu, i. 7; and $K, i. 6 (i). 
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Hence the number of mean solar days corresponding to the desired 
grahadeha 

= (1 — 1/70) x grahadeha days 

— (2/5) x (grahadeha) vighatikas. 

Consequently, the mean longitude of the Sun, Mercury, or Venus 
= (1 — 1/70) x (grahadeha) degrees 

— (2/ '5) x (grahadeha) seconds. " 

Rationale II. 

The mean daily motion of the Sun 

4320000 e t . 
— , r-,™*-,.^ of a revolution 
1577917500 

4320000 x 12 x 30 . , 
= - 1577917500 ofade g ree 

= (1—3029/210389) of a degree 

n mn\ c a 1641x60 x 60 . . 

= (1—1/70) of a degree — ' 210389 x 70 * second 

= (1 — 1/70) of a degree — 2/5 of a second approx. 
Hence the rule. 

A rule for finding the mean longitude of the Moon : 

32. Multiply the grahatanu for the Moon by 83 (lit. 
9 a + 2) and divide by 225; the result is in terms of degrees, 
etc. From that subtract the seconds obtained by multiplying 
the grahatanu by II and dividing by 50. (Then add the remainder 
to thirteen times the mean longitude of the Sun as prescribed in 
stanza 35 below : the sum thus obtained is the mean longitude 
of the Moon). 1 



1 Similar rules occur in SiDVr, I, i. 40-41; MSi, i. 43(i); SiSa, i. 106; 
KPr, i. 5; GL, i. 10 (ii); KKu, i. 8; KKau, i. 17; and SK, i. 6(ii). 
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Rationale I. 

The grahatanu for the Moon denotes the number of mean solar days 
elapsed since the beginning of Kaliyuga or the mean longitude of the Sun 
in revolutions, etc., reduced to degrees. 

Since 

mean longitude of the Moon in revolutions etc . 
mean longitude of the Sun in revolutions etc. 

revolution-number of the Moon 
~~ revolution-number of the Sun 

- 57753336 
~ 4320000 

= 13 + 83/225 — 264/4320000 
= 13 + 83/225 — 1 1/(50 X 60 X 60), 

therefore 

mean longitude of the Moon 

= 13 x (mean longitude of the Sun) 

83xG J HxG . 
+ 225 degrees seconds, 

where G is the grahatanu for the Moon. 

Rationale II. 

The mean motion of the Moon per solar day 

57753336 



4320000 



degrees 



= ■{ 13+ Y degrees — ^ of a second 



Therefore, the mean motion of the Moon for G solar days, i.e., the 
mean longitude of the Moon 



{ I3G+ 4§-} 

13 X Sun's mean longitude 



= •{ 13G + Y degrees — &econ( ls 



, 83G . 11G . 
+ -g— degrees — seconds. 
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A rale for finding the mean longitude of the Moon's ascending 
node : 

33. Divide (the grahatanu) by 270 : these are degrees. 
Multiply (the grahatanu) by 113 and divide by 600: these are 
seconds. These together with one-twentieth part of the (mean) 
longitude of the Sun (in revolutions, etc.) constitute the (mean) 
longitude of the Moon's ascending node. 1 

The mean motion of the Moon's ascending node per solar day 

232226 f A 
= . .-±.7. , of a degree 

4320000 

= (1/20+1/270) of a degree + 113/600 of a second. 
Hence the rule. 

A rule for finding the mean longitude of the Moon's apogee : 

34. Multiply the grahatanu by seven and divide by nine : 
these are minutes. Then multiply the grahatanu by 11 and 
divide by 60 : these are seconds. Then divide the grahatanu by 
20 : these are thirds to be subtracted. These together with 
one-tenth of the Sun's (mean) longitude (in revolutions, etc.) 
constitute the (mean) longitude of the Moon's apogee : 

The mean motion of the Moon's apogee per solar day 

488219 - . 

„ ^ . or a degree 

- 4320000 

= 1/10 of a degree + 7/9 of a minute + 11/60 of a second 
— 1/20 of a third. 

Hence the rule. 



1 Similar rules occur in BrSpSi, xxv. 35, and i$iDVr, I, i. 52 (ii). 



26 MEAN LONGITUDE OF A PLANET 

A rule for finding the mean longitude of the iighrnca of Venus 
and also giving the additives for the ffetoo. of Mercury and 
the Moon : 

35 Multiply the grahatanu by 37 and divide by 900 : 
th e S e are the degrees, etc., (forming part) of the (mean) 
l0 ngitude of (thes^cc. of) VenuY Then divide f***™ 
to 100 : these are seconds. Add to these one-third of the Sun s 
Jean) longitude (in revolutions, etc.). Then subtract the 
whole of that (sum) from two times the Sun's (mean) longitude. 
(The difference thus obtained is the mean longitude of the 
sighrocca of Venus). 1 

To the (mean) longitudes of (the hlghrocca of) Mercury 
and the Moon add four times the Sun's (mean) longitude and 
thirteen times the Sun's (mean) longitude respectively. 2 

The mean motion of the Fighrocca of Venus per solar day 

7022388 
= 4320000 de S rees 

= (2—1/3—37/900) degrees— 1/100 of a second. 
Hence the rule. 

A rule for finding the mean longitude of the slghrocca of Mercury: 
36 Divide the grahatanu by 200: the result is in terms of 
signs.' Then divide the grahatanu by 8: these are minutes. 
Then divide the grahatanu by 60 : these are seconds. Adding 
all these (and also four times the Sun's mean longitude as 
prescribed in stanza 35) is obtained the (mean) longitude of (the 
fighrocca of) Mercury. 3 



i Similar rules occur in BrSpSi, xxv. 36 and kiDVr, 7, i. 57 (ii). 
a See stanzas 32 and 36. 

3 Similar rules occur in BrSpSi, xxv. 34 and &DVr t , I, i. 50 (ii). 
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The mean motion of the sighrocca of Mercury per solar day 



17937020 



degrees 



4320000 

= 1/200 of a sign+4 degrees+1/8 of a minute+1/60 of a second. 



Hence the rule. 



A rule for finding the mean longitude of Saturn: 

37. Multiplying the grahatanu by 8 and dividing by 225 are 
obtained minutes ; and dividing ( the grahatanu) by 300 are 
obtained seconds. Adding these two together and increasing 
that (sum) by one-thirtieth of the Sun's (mean) longitude is 
obtained the (mean) longitude of Saturn. 1 

The mean motion of Saturn per solar day 

146564 c , 

= of a degree 

4320000 

= 1 /30 of a degree +8/225 of a minute+ 1/300 of a second. 
Hence the rule. 

A rule for finding the mean longitude of Mars t 

38. Multiply the grahatanu by two and subtract one- 
twentieth of itself from that : these are minutes, etc. Then divide 
the grahatanu by 50 : these are seconds. Add these (minutes 
and seconds) to half the Sun's (mean) longitude (in revolutions, 
etc.).: the sum is the (mean) longitude of Mars. 8 

The mean motion of Mars per solar day 

_ 2^ of a degree 
~ 4320000 

= 1/2 of a degree + (2 — 2/20) minutes + 1/50 of a second. 
Hence the rule. 



1 Similar rules occur in BrSpSi, xxv. 35 and kiDVr, I, i. 52 (i ). 
» Similar rules occur in BrSpSi, xxv. 33 and SiDV^ I, i. 50 (i ). 
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A rule for finding the mean longitude of Jupiter : 

39. Multiply the grahadeha by 22 and divide by 375 : these 
are minutes, etc. Add them to one-twelfth of the Sun's (mean) 
longitude (in revolutions, etc.) : the result is the (mean) longitude 
of Jupiter.* 

The mean motion of Jupiter per solar day 

= 364221 ofadegree 
4320000 

= 1/12 of a degree+22/375 of a minute. 

Hence the rule. 

Corrections to be applied to the mean longitudes of the Moon's 
apogee and ascending node, and to the ahargana : 

40. Add three signs to the mean longitude of the Moon's 
apogee. Subtract the (mean) longitude of the Moon's ascending 
node from 12 signs and then add 6 signs. Also (if necessary) 
add one to the ahargana obtained by proportion (in stanza 7 
above). So say the astronomers whose hearts are devoted to 
Aryabhata's system of astronomy (bhatahastra). 

At the beginning of Kaliyuga, according to Aryabhata Fs system of 
astronomy, the mean longitude of the Moon's apogee was 3 signs and that 
of the Moon's ascending node 6 signs. Hence j;he addition of 3 signs to 
the mean longitude of the Moon's apogee and of 6 signs to the mean 
longitude of 'the Moon's ascending node prescribed by the author. The 
longitude of the Moon's ascending node has to be subtracted from 12 
signs, because the motion of the Moon's ascending node is retrograde. 

The remaining chapter deals with the solution of pulverisers 
(kuttakara) having reference to problems in astronomy. 



1 Similar rules occur in BrSpSi, xxx. 35 and &iDVr, J, i. 51 (i). 
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PLANETARY PULVERISER 

Preliminary operation to be performed on the divisor and 
dividend of a pulveriser : 

41. The divisor (which is "the number of civil days in a 
yuga) and the dividend (which is "the revolution-number of the 
desired planet") become prime to each other on being divided 
by the (last non-zero) residue of the mutual division of the 
number of civil days in a yuga and the revolution-number of the 
desired planet. The operations of the pulveriser should be 
performed on them (i.e., on the abraded divisor and abraded 
dividend). So has been said. 

An indeterminate equation of the first degree of the type 
ax — c 

(with x and y unknown) is known in Hindu mathematics by the name of 
"pulveriser (kuttakara)" . In this equation, a is called the "dividend", b the 
"divisor", c the "interpolator", x the "multiplier", and y the "quotient". 

In the pulveriser contemplated in the above stanza, 

a = revolution-number of a planet, 

b = civil days in a yuga, 

c — residue of the revolutions of the planet, 

x = ahargana, 

and y = complete revolutions performed by the planet. 

The text says that as a preliminary operation to the solution of this 
pulveriser, a and b, i.e., civil days in a.. yuga and 'revolution-number of the 
planet, should be made prime to each other by dividing them out by their 
greatest common factor. That is to say, in solving a pulveriser one should 
always make use of abraded divisor and abraded dividend. 

The interpolator, i.e., the residue, should also be divided out by the 
same factor. This instruction is not given in the text, but it is implied 
that the residue should be computed for the abraded dividend and 
abraded divisor. 
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A rule for solving a pulveriser, when the dividend is smaller than 
the divisor : 

42-44. Set down the dividend above and the divisor below 
that. Divide them mutually, and write down the quotients cf divi- 
sion one below the other (in the form of a chain). (When an even 
number of quotients are obtained) think out by what number the 
(last) remainder be multiplied so that the product being diminish- 
ed by the (given) residue be exactly divisible (by the divisor corres- 
ponding to that remainder). Put down the chosen number (call- 
ed mati) below the chain and then the new quotient underneath 
it. Then by the chosen number multiply the number which 
stands just above it, and to the product add the quotient (written 
below the chosen number). (Replace the upper number by the 
resulting sum and cancel the number below). Proceed afterwards 
also in the same way (until only two numbers remain). Divide 
the upper number (called "the multiplier") by the divisor by the 
usual process and the lower one (called "the quotient") by the 
dividend: the remainders (thus obtained) will respectively be the 
ahargana and the revolutions, etc., or what one wants to know. 
We explain this rule by means of an example. 1 
Example. The residue of the revolutions of Saturn is 24, find the 
ahargana and the revolutions performed by Saturn.* 

The revolution-number of Saturn is 146564, and the number of civil 
days in a yuga is 1577917500. In the present problem these are respectively 
the dividend and the divisor. Their H.C.F. is 4, so that dividing them out by 
4 we get 36641 and 394479375 as the abraded dividend and the abraded 
divisor respectively. We have, therefore, to solve the pulveriser 

36641*— 24 
394479375 

where x denotes the ahargana and y the revolutions made by Saturn. 3 



1 For other details, the reader is referred to B. Datta and A. N. Singh, 
History of Hindu Mathematics, Part II, P. 87 ff. 

a Based on Bhaskara Fs problem given in LBh, viii. 17. 

3 We have not divided the given residue 24 by 4, because it is already 
computed for the abraded dividend and abraded divisor. 
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Mutually dividing 36641 and 394479375, we have 

36641) 394479375 (10766 
394477006 



2369) 36641 (15 
35535 



1106)2369(2 
2212 



157) 1106 (7 
1099 



7) 157 (22 
154 

3) 7 (2 
6 

1x27—24=3(1 
3 



We have chosen here the number 27 as the optional number (mati). 1 

Writing down the quotients one below the other as prescribed in the 
rule, we get the chain 

10766 
15 
2 
7 
22 
2 

(mati) 27 
1 



l Thema/i maybe chosen at any stage after an even number of 
quotients are obtained, 
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Reducing the chain, we successively get 
10766 10766 10766 10766 10766 3108044439 (multiplier) 
15 15 15 15 288689 288689 (quotient) 

2 2 2 18665 18665 

7 7 8714 8714 
22 1237 1237 
55 55 . 
27 

Dividing 3108044439 by 394479375, and 288689 by 36641, we obtain 
346688814 and 32202 respectively as remainders. 1 These are the minimum 
values of x and y satisfying the above equation. 

Therefore, the required ahargana = 346688814, and the revolutions 
' performed by Saturn = 32202. 

General solution. The general solution of the above equation (vide 
stanza 50) is 

x = 394479375o( + 346688814, 

y = 36641 o( + 32202, 

where o( = 0, 1, 2, 3, .... 

An alternative rule : 

45-46(i). Alternatively, the pulveriser is solved by subtrac- 
ting one (i.e., by assuming the residue to be unity). The upper 
and lower quantities (in the reduced chain) are the (correspon- 
ding) multiplier and quotient (respectively). By the multiplier 
and quotient (thus obtained) multiply the given residue, and 
then divide the respective products by the abraded divisor and 
dividend. The remainders obtained are here (in astronomy) the 
ahargaim and the revolutions (performed respectively). 



1 This division is performed only when the multiplier and quotient 
are greater than the divisor and dividend respectively. 
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The pulveriser 

ax — c 

- = y (1) 



may be written as 

aX—l 



= r, (2) 



where x = cX, and y = cY. If X = o(, Y = £ is a solution of (2), 
then x = co(, y = c$ will be a solution of (1). Hence the above rule. 1 

A rule for finding the residue of revolutions from the longi- 
tude of a planet given in signs, etc. : 

46(ii). (In case the longitude of a planet is given in terms 
of signs, etc.,) the signs, etc., are multiplied by the abraded 
number of civil days (in a yuga) and the product is divided by 
the number of signs, etc., (in a circle). The quotient is stated 
to be the residue (of revolutions). 

When the longitude is given in terms of signs, it should be multi- 
plied by the abraded number of civil days in a yuga and then the product 
should be divided by 12. The quotient thus obtained should be used as 
the residue of revolutions. When the longitude is given in terms of 
signs and degrees, it should be reduced to degrees, then the resulting 
degrees should be multiplied by the abraded number of civil days in a yuga 
and the product should be divided by 360. The quotient should be 
treated as the residue of revolutions. When the longitude is given in 
terms of signs, degrees, and minutes, it should be. reduced to minutes, 
then the resulting minutes should be multiplied by the abraded number of 
civil days in a yuga and the product should be divided by 21600. The 
quotient should be used as the residue of revolutions. 

Let x be the ahargana, y the revolutions performed by a planet, and 
s signs the given residue. Then 

(abraded revolution-number) x 

abraded civil days ~~ S Slgns = y> 

(abraded rev.-number) x - (abraded civil days) J 

or — ■ __________ — y 

abraded civil days 



For illustration see Example under stanza 46 (ii). 
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Hence the above rule. 

Example. "The mean (position) of the Sun has been observed by 
me at sunrise to be in the sign Leo in the middle of the navamamsa 
Sagittarius. Calculate the ahargana according to the (Arya)bhata-sastra, 
and also the revolutions performed by the Sun since the begmning ot 
Kaliyuga." 1 

The mean longitude of the Sun - 4 signs 28° 20' 

= 8900'. 

The abraded revolution-number of the Sun = 576, 
and the abraded number of civil days in a yuga = 210389. 

Hence, by the above rule, the residue of revolutions = 86688. 
We have, therefore, to solve the equation 

576 x — 86688 . 
210389 

where x is the ahargayi and y the number of revolutions performed 
by the Sun. 

Solving this equation with unit residue, we get 
x = 94602. 

y = 259. 

Deducing the solution for the given residue 8 , we get 
x = 105345, 
y — 288, 

which is the minimum solution of the problem. The general solution is 
x = 210389OC + 105345, 
y = 576o( 4- 288, 

where ot == 0, 2> 3, ... 

A rule for solving a pulveriser when the dividend is greater 

than the divisor : 

47 When the dividend is greater than the divisor, then, 

having subtracted the greatest multiple of the divisor (from 

i Bhaskara I's example occurring in his comm. on A t u. 32-33, 
* See the rule given in stanjsas 45-46<i). 
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the dividend), apply the same process (as prescribed in stanzas 
42-44 or 45-46 (i) ). Multiply the multiplier (thus obtained) 
by that multiple and (to the product) add the quotient 1 : the 
result will be the quotient here (required). 



Let the pulveriser be 

ax — c 



= y, (1) 



where a > b. Then if, a = mb + A, A < b, (1) may be written as 

(2 , 

where y = Y 4- mx. 

If x = d, Y =£, be a solution of (2), then x = o(, y= wo( 4- $ 
will be a solution of (1). Hence the above rule. 

Example. "The signs, etc., up to the thirds of the Sun's (mean) 
longitude have all been carried away by the strong wind; the residue of 
thirds is known to me to be 101. Tell (me) the Sun's (mean) longitude 
and also the ahargana."* 

The abraded dividend for the Sun = 576 revolutions 

= 576x12 x 30 x 60 x 60 x 60 thirds 
= 44789760000 thirds. 

We have, therefore, to solve the equation 

44789760000 x — 101 _ 
' 210389 y ' ( 3 ) 

where x is the ahargana and y the thirds described by the Sun since the 
beginning of Kaliyuga. 

Since in this equation the dividend 44789760000 is greater than the 
divisor 210389, therefore, as directed in the above rule, we divide out the 
dividend by the divisor, and put the equation in the form 
45790 x — 101 _ 

210389 ~~ * < 4 ) 

. . * The Ilteral translation is "the lower quantity (in the reduced 
cnain) , which means "the quotient". 
* MBh, viii. 13. 
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where Y is related to y by the relation y — 212890 x + Y. 1 

Solving this equation, we get 

x = 106141, 
Y= 23101. 

Hence the solution of the equation (3) is 
x = 106141, 
y = 212890 x + Y 
= 22596380591. 

The required ahargana is therefore 106141; and the mean longitude 
of the Sun is 22596380591 thirds, i.e., 3 signs, 32 degrees, 52 minutes, 23 
seconds, and 11 thirds. 

Alternative method. When a > b, the pulveriser 

ax — c 



= y 



may be written as 



which can be solved ordinarily by applying the rule stated in stanza 51 
below. 

A rule for solving the so called vara-kuttakara (week-day 
pulveriser) : 

■ 48. Divide the abraded number of civil days (in a yuga) 
by 7. Take the remainder as the dividend, and 7 as the divisor. 
Also take the excess 1, 2, etc., of the required day over the 
given day as the residue. Whatever number (i.e., multiplier) 
results on solving this pulveriser is the multiplier of the abraded 
number of civil days. The product of these added to the 



1 212890 and 45790 are obtained as the quotient and the remainder 
when 44789760000 is divided by 210389. 
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ahargana calculated (for the given day) gives the ahargana for 
the required day 1 . 

This rule will become clear by the following solved example. 

Example. "The mean longitude of the Sun (for sunrise) on a 
Wednesday is stated to be 8 signs, 25 degrees, 36 minutes, and 10 seconds. 
Say correctly after how much time (since the beginning of Kaliyuga) will the 
Sun again assume the same position (at sunrise) on a Thursday, Friday, 
and Wednesday."* 

We first determine the ahargana elapsed at sunrise on Wednesday 
when the Sun's mean longitude is 8 signs, 25 degrees, 36 minutes, and 10 
seconds. 

Since the Sun's mean longitude = 8 signs 25° 36' 10" 

= 956170", 

therefore, by stanza 46(ii), the residue of revolutions = 155222. 
Thus we have to solve the pulveriser 

576 x — 155222 

210389 ~~ J ' 

where x is the ahargana and y the revolutions performed by the Sun. 
Solving this equation, we obtain 

x = 1000, 
7 = 2. 

Hence the ahargana for the given Wednesday = 1000. 

(i) Now we find out the ahargana elapsed at sunrise on a Thursday 
when the Sun again occupies the same position. 

Let the required ahargana be 1000+4. Then in A days the Sun 
will describe complete revolutions. Also since Thursday is in advance of 



1 The text is a little obscure at this place. Our translation is based 
on the interpretations given by the commentators. It also agrees with the 
details ofjhe rule supplied by the author Bhaskara I himself in his commen- 
tary on A, ii. 32-33. 

2 Bhaskara I's example occurring in his comm. on A> ii. 32-33. 
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Wednesday by one day, the residue of the week-cycle is unity. In other 
words. 



576,4 J A — 1 
and 



210389 7 
will be whole numbers. If we assume A to be a multiple of 210389, we have 
simply to determine A such that A— I may be completely divisible by 7. 
Let A = 210389X Then we have to solve the pulveriser 
210389JT — 1 _ 

7 = Y > (1) 

or (yide stanza 47) 

where Y = 30055 X+ Y'. This is what the rule prescribes. 

Evidently, a solution of (2) is X = 2, r = 1. The corresponding 
solution of (1) is Z = 2, 7 = 30055x2 + 1 = 60111. 

The required ahargana is therefore 1000 + A, i.e., 1000 + 210389* 
i.e., 1000 + 210389x2 or 421778. 

(ii) To find the ahargana for Friday. 

In this case, the residue of the week-cycle is 2, Let the required 
ahargana be 1000 + 210389X. Then we have to solve the pulveriser 
210389* — 2 

^ = Y> (3) 

or (vide stanza 47) 

ay 2 

^~=Y', (4) 

where Y = 30055JST+ F'. 

Evidently, a solution of (4) is X = 4, Y' = 2. The corresponding 
solution of (3) is X = 4, r = 30055AT+2 = 120222. 
The required ahargana is therefore 842556. 

(iii) To find the ahargana for Wednesday. 

As before, let the ahargana be 1000+210389*. In this case, the 
residue of the week-cycle is and we evidently have X=l, so that the 
required ahargana is 1473723. 

A rule for the solution of the so called vdd-kuitakdra (time- 
pulveriser) : 

49. First make the abraded dividend and the (new) 
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divisor prime to each other. Then by what remains as the 
(new) divisor multiply the abraded divisor (and also the 
residue). Thereafter the process for the time-pulveriser is 
the same as described before (for the ordinary pulveriser). 

This rule is applicable when the ahargana is not a whole number but 
a whole number and a fraction 1 . That is to say, when the pulveriser is of 
the type 

a(x rfc rfs) — c 

b =y ' CD 

Let a — mA, and s = mB, m being the greatest common factor of 
a and s. Then the equation (1) can be written as 

AX — Be 

Bb = * (2) 

where X = sx rfc r. 

The above rule tells us that whenever we have to solve an equation 
of the form (1), we must solve it by reducing it to the form (2). If X =o(, 
y = j8 is a solution of equation (2), then x = (o( =P r)fs, y — j8 will be 
a solution of equation (1). 

Example 1 . "The (mean) longitude of the Sun for midnight is found 
to be 9 signs, 15 degrees, 32 minutes, and 40 seconds. Quickly say the 
ahargana and the revolutions (performed by the Sun) according to the 
Asmak'iya" * 

Since the mean longitude of the Sun = 9 signs 15° 32' 40", therefore, 

by stanza 46 (ii), the residue of revolutions = 166876. 

We have, therefore, to solve the equation 

576 (x — 1/4) — 166876 _ 

210389 . -y> w 

where x — 1 is the required ahargana and y the revolutions performed 
by the Sun. 

As this equation is of the form (1), we reduce it to the form (2) as 
prescribed in the rule. Thus we get 

144X— 166876 _ 

210389 y> ( 4 > 

where X = 4x — 1. 

1 The "(new) divisor" of the text is the denominator of this 
fraction. 

8 Bhaskara I's example, occurring in his comm r on A, ii, 32-33 ? 
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Solving equation (4), we get X = 7003, y = 4, giving x = 1751. 
Hence the required ahargana is 1750, and the number of revolutions 

performed by the Sun is 4. 

Example 2 "The revolutions, etc., of the Sun's mean longitude, 
calculated from an ahargana plus a few nadis elapsed, have now been 
destroyed by the wind; 71 minutes are seen by me to remain intact Say the 
ahargana, the Sun's (mean) longitude, and the correct value of the nadis 
(used in the calculation)." 1 

Here we have to solve the equation 

57 6 X 12 X 30 X 60(x +n/60) — 71 = (5) 

' 210389 

where * is the ahargana, y the minutes traversed by the Sun since the 
beginning of the Kaliyuga, and n the nadis elapsed. 

As this equation is of the form (1), we reduce it to the form (2), 
and thus we get 

207360^—71 = ( 6 ) 
210389 ' 

where X = 60x+«. 

Solving equation (6), we obtain 

X = 43203, 
y = 42581, 
whence we have x = 720, and n = 3. 

Hence the ahargana is 720, the nadis elapsed are 3, and the mean 
longitude of the Sun is 42581 minutes, i.e., 11 signs, 19 degrees, and 41 

minutes. 

A rule for getting the other solutions of a pulveriser with the 
help of the known minimum solution : 

50 (To obtain the other solutions of the pulveriser) the 
intelligent (astronomer) should again and again add the divisor to 
the multiplier and the dividend to the quotient as in the process 
of prastara ("representation of combinations"). 

i Bhaskara I's example, occurring in his coram, on A, iii. 32-33, 



and in MBh, viii. 23 
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That is to say, if x = oL, y — |3 is the minimum solution of thg 
pulveriser 



y> 



b 

then the other solutions of the same pulveriser are 

x — mb + o(, 

y = ma + p, 
where m = 1, 2, 3, 

Procedure for problems in which the given quantity is the part 
of the revolution to be traversed by a planet : 

51. When the part (of the revolution) to be traversed by 
some (planet) is the given quantity, then (also) the same process 
should be applied, treating the part to be traversed as the addi- 
tive, or taking unity as the additive. All details of procedure are 
the same (as before). 

The pulveriser contemplated above is of the type 

ax -f- c 

— = y- a) 

According to the above rule, this is to be solved in the same way as 
ax — c 

—b—-y> (2) 

with the difference that wherever in solving (2) c is subtracted, in solving 
(1) it should be added. Or, the solution of (1) may be derived as before 
from the solution of 

ax + 1 

— =^ 0) 

Example. "Given that 100 minutes of the eighth sign are to be 
traversed by the Sun, say quickly, after carefully considering, O intelligent 
one, if the Gamta of Asmaka is known to you, all the years that have 
elapsed this day since the beginning of Kaliyuga. Also say the number of 
_f^jhatjiave elapsed since the beginning of Kaliyuga." 2 

1 It is also possible to reduce the pulveriser (1) to the form (2). 
or, when the part of the revolution to be traversed by a planet is given, 
me part traversed may be easily derived therefrom. 

Bhaskara Fs example, occurring in his comm. on A, ii, 32-33. 
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Here, according to Bhaskara I's interpretation, the part of the re- 
volution to be traversed by the Sun = 7 signs 100'. The corresponding 
residue of revolutions = 123707. This is positive. 

We have, therefore, to solve the equation 
576 x + 123701 = 
210389 

where x is the required ahargam, and y—l the number of years 
elapsed. 

Mutually dividing 576 and 210389 and taking 1 for the optional 
number (mad) after six quotients, we get the following chain 

365 
3 
1 
6 
2 
4 

1 (mati) 
61851 

which reduces to 1310408037 

3587617 

Dividing 1310408037 by 210389 and 3587617 by 576, we obtain as 
remainders 105345 and 289 respectively. Therefore x = 105345, y = 289. 

Hence the required ahargam = 105345, and the number of years 
elapsed = 288. 

Note According to Govinda Svami's interpretation the part of the 
revolution to be traversed by the Sun = 4 signs 1° 40'. The corresponding 
residue of the revolution = 71104. 

The resulting pulveriser is 

576X+71104 = 
210389 V ' 

of which the solution is x = 186889, y = 512. 

Therefore, the required ahargana = 186889, and the number of years 
elapsed = 511. 
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Rules relating to the two cases: (i) when the sum or difference 
of the residues ( of revolutions ) of any two planets is given, 
and (ii) when the residues for two or more planets are given 
separately : 

52. When the sum of the residues (of revolutions of two 
or more planets ) is given, proceed with the sum of their revolu- 
tion-numbers (as the dividend); and when the difference between 
the residues ( for any two planets ) is given, proceed with the 
difference of their revolution-numbers ( as the dividend ). When 
the residues ( for two or more planets ) are given ( separately ), 
think out the method of solution by the help of the given 
residues and the true revolution-numbers of the given planets. 

These rules will be clear from the following solved examples. 

Example 1 . "The sum of the (mean) longitudes of Mars and the Moon 
is calculated to be 5 signs, 7 degrees, 9 minutes, ( 9 seconds, and 6 thirds ). 
O you, well versed in the ( Arya )bhata-tantra, quickly say the ahargana 
and also the (mean) longitudes of the Moon and Mars." 1 

The revolution-number of the Moon = 57753336. 
The revolution-number of Mars = 2296824. 

Their sum = 60050160. 
The number of civil days in a yuga = 1577917500. 

The H. C. F. of 60050160 and 1577917500 is 60. Therefore, the 
abraded sum of the revolution-numbers of the Moon and Mars 

= 60050160 ~ 60= 1000836, 
and the abraded number of civil days =1577917500 60=26298625. 

The sum of the mean longitudes of the Moon and Mars 

=5 signs 7° 9' 9" 6"' 
=33944946 thirds. 

Therefore, by stanza 46(h), the residue of revolutions^ 11480265. 
We have, therefore, to solve the equation 

1000836 x — 11480265 _ 

26298625 ~~ y ' 

1 Bhaskara I's example ( MBh, viii. 19 ) with Govinda Svami's 
modification. 
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where x denotes the required ahargana. 

The minimum solution of this equation is 
x = 10157490, 
y = 386459. 

The required ahargana is, therefore, 10157490. The mean longitudes 
of the Moon and Mars can be easily calculated from this ahargana. 

Example 2. "The difference between the mean longitudes of Mars 
and Jupiter is exactly 5 signs. Say what is the number of days elapsed since 
the beginning of Kaliyuga and what are the ( mean ) longitudes of Jupiter 
and Mars." 1 

The revolution-number of Mars = 2296824. 
The revolution-number of Jupiter = 364224. 

Their difference = 1932600. 
Also the number of civil days =1577917500. 

The H. C. F. of 1932600 and 1577917500 is 300. Therefore, the 
abraded difference of the revolution-numbers of Mars and Jupiter 
= 1932600 4- 300, i.e., 6442, and the abraded number of civil days 
= 1577917500 -4- 300, i.e., 5259725. 

The difference between the mean longitudes of Mars and Jupiter 
= 5 signs. Therefore, by stanza 46(h), the residue of revolutions =21 9 1552. 

Hence we have to solve the equation 

6442 2191552 __ 
5259725 

where x denotes the required ahargana. 

The minimum solution of this equation is 

x = 1133606, 
y= 1388. 

The required ahargana is therefore 1133606. The corresponding 
mean longitudes of Mars and Jupiter may be easily obtained. 



1 Mbh, viii. 20. 
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Example 3. "Some number of days is (severally) divided by the 
(abraded) civil days for the Sun and for Mars. The (resulting) quotients are 
unknown to me; the residues, too, are not seen by me. The quotients obtain- 
ed by multiplying those residues by the respective (abraded) revolution- 
numbers and then dividing (the products) by the respective (abraded) civil 
days are also blown away by the wind. The remainders of the two 
(divisions) now exist. The remainder for the Sun is 38472, and that for 
Mars is 77180625. From these remainders severally calculate, O mathema- 
tician, the ahargams for the Sun and Mars and also the ahargana 
conforming to the two residues and state them in proper order." 1 , 

The abraded revolution-number and the. abraded civil days for the 
Sun are 576 and 210389 respectively; the same for Mars are 191402 and 
131493125 respectively. 

Let A be the number of days (i.e., the ahargana conforming to the 
two residues). Then suppose that 



210389 
A 



and 



131493125 



576 a 



210389 

191402 b 
131493125 



= x + 

= y + 

=£ + 
- x + 



1 



210389 
b 

131493125 
38472 



(1) 



210389 

77180625 
131493125 



(2) 



where A, x, y, a, b, ft, and X are all unknown quantities. The problem 
is to find a and b and therefrom A. 



The equations (2) reduce to 

576a — 38472 
210389 

191402 6—77180625 
131493125 



= X, 



(3) 
(4) 



1 Bhaskara I's example, occurring in his comm. on A, ii. 32-33. 
Also see MBh, viii. 24-24*. 
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Solving (3), we get a = 8833, = 24 ; and solving (4), we get 
b = 640000, k =-- 931. 

Hence the ahargana for the Sun is 8833, and that for Mars 931. 
The equations (1) now reduce to 

A = 210389 x + 8833 = 131493125 y + 640000, 

whence we get the pulveriser 

210389 x — 631167 _ 
131493125 ~ y> 

• x ~ 3 ,Ck 

"625- = * {5) 

The minimum solution of (5) is evidently 

x = 628, 
y = 1. 

. Hence 4 = 132133125. 

The ahargana conforming to the two residues a ; ( = 8833 ) and b 
( = 640000 ) is therefore equal to 132133125. 



CHAPTER n 



THE LONGITUDE -COKKECTION 

Names of certain places lying on the Hindu prime meridian : 

1 -2. From Lanka (towards the north, we have the follow- 
ing places on the prime meridian) : Kharanagara, Sitorugeha, 
Panata, Misitapuri, Taparni, the lofty mountain called Sitavara, 
the wealthy town called Vatsyagulma, the well known Vanana- 
gari, Avanti, Sthanesa, and then Meru, which is inhabited by 
happy people. For those who reside in these places, the 
correction for the longitude (of the local place) does not exist. 

Lanka in Hindu astronomy denotes the place where the Hindu prime 
meridian passing through Ujjain 1 intersects the equator (i.e., the place in 
latitude and longitude). It is one of the four hypothetical cities on 
the equator, called Lanka, Romaka, Siddhapura, and Yamakoti. Lanka 
is described in the Surya-siddhanta z as a great city (mahapuri) situated on 
an island (dvipa) to the south of Bharata-varsa (India). The island of 
Ceylon which bears then ame Lanka, however, is not the astronomical 
Lanka, as the former is about six degrees to the north of the equator. 

Kharanagara ("the town of Khara") is probably the place near 
Nasik where Khara, cousin of Ravana, lived. Sitorugeha has not been 
identified. 

Panata seems to have been an important place, as it has been 
mentioned by other astronomers also, such as Lalla, Vatesvara, and Sripati. 
Lalla'has called it by the name Parnata, and 3npati by the name Panata. 
We have not been able to identify this place also. 

1 Situated in latitude 23° 11' N. and longitude 75° 52' east of 
Greenwich. 

8 Xii. 37, 39, 
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Misitapun and Taparni, too, remain unidentified. Safikaranarayana in 
his commentary on the Laghu-Bhaskariya 1 pronounces Misitapura as 
Nisitapura, so it is difficult to say which pronunciation is correct. 

The Sitavara mountain ("the excellent white mountain") is the 
gvetasaila of Lalla, the Sitadri of gripati, and the Sitaparvata of Bhaskara 
II. According to Sripati, it is the seat of the six-faced god Svimikartikeya. 
It can therefore be identified with Kraunca-giri or Kumara-p arvata, 
situated at a distance of 3 yojanas from &risaila. 2 

Vatsyagulma is the town of Vatsaraja Udayana, usually called 
Vatsapattana. It Has been identified with Kausambi (modern Kosam) 
situated on the river Jumna at a distance of about 38 miles from 
Allahabad. 

Vananagari 3 is probably Tumba-vana-nagara (modern Tumain) in 
Madhya Bharata. Avanti is modern Ujjain. Sthanesa is Sthanesvara, a 
place in Kuruksetra. Meru is the north pole. 

From the above identification we find that the places ment oned in 
the text do not lie precisely on one meridian. The places mentioned by 
other astronomers also do not satisfy this requirement. It has not been 
possible to give any satisfactory explanation to this discrepancy. Probably 
the geographical knowledge of ancient Hindu writers was not sound in 
respect of places other than their own. 

We give below the lists of places lying on the Hindu prime meridian 
according to other Hindu astronomers which will be useful for comparison 
and reference. 

(i) Lalla's list. 4 Lanka, Kumari, Kanci(varam), Parnata, Krsna 
(the river),^ gvetasaila ("the white mountain"), Vatsyagulma, Ujjayini, 
Gargarat, Asraya (? Asrama), Malavanagara, Cayusiva (?), Rohitaka 
(Rohtak), Kuruksetra (the battle field of the Bharata War), Himavan 
(the Himalayas), and Meru. 



1 i. 23. 

2 See Kalyana, Tirthahka, pp. 310 and 330. 

3 In case the correct reading is Varanagari, it may be identified with 
Barnagar. 

4 Mentioned in Amaraja's comm. on KK, i. 13, 



DISTANCE FROM THE PRIME MERIDIAN 



49 



(ii) Vatesvara's list. 1 Lanka, Kumari, Kanci, Manatamasvetapuri*, 
SVeta Acala, Vatsyagulma, Avanti-puh, Gargarat, Asrama-pattana, Malava- 
nagara, Pattasiva, Rohitaka, Sthanvisvara (Sthanesvara), Himavan. and 
Meru. 

(iii) ^ripati's list. 3 Lanka, Kumari, Kanci-nagan, Panata, Jjadasya 
Sitadri, £ri Vatsagulma, Mahismati (modern Mahesvara situated on the 
north bank of river Narmada in Nimar district in Madhya Bharata), Ujjayini, 
Asrama-nagara, Pattasiva, Sri Gargarat, Rohita (Rohtak), Sthanvisvara, 
Sltagiri (the Himalayas), and Snmeru. 

(iv) Bhaskara IPs lists. 

1. Lartka-puri, Vatsagulma, Mahismati, Ujjayini, Gargarat, 

Kuruksetra, Himacala, etc. 4 

2. Lanka, Devakanya, Kanci, Sitaparvata, Paryali, Vatsagulma, 

Ujjayini-puri, Gargarat, Kuruksetra, and Meru. 5 

(v) List of the SiTrya-siddhanta. 6 Raksasalaya (i.e., Lanka), Devauka 
gaila (i.e., Meru), Rohitaka (modern Rohtak), Avanti, and Sannihita 
Sara 7 . 

A rule for finding the distance of a place from the prime 
meridian : 

3-4. Subtract the degrees of the latitude of one of the 
places (lit. towns) mentioned above from the degrees of the 
(local) latitude; then multiply (the degrees of the difference) by 
3299 minus 8/25, and divide (the product) by the number of 
degrees in a circle (i.e., by 360). The resulting yojanas constitute 
the upright (koti). The oblique distance between the local 



1 VSi, chapter I, section ix, stanzas 1-2. 

2 A 

compound word giving the names of two places which probably 
correspond to Panata and Misitapun mentioned in the text. 
8 SiSe, ii. 95-97. 

4 Comm. on SiDVr, I, i. 55 

5 KKu, i. 14. 

6 STtSU i. 62. 

7 Sannihita Sara is in Kuruksetra. See Kalyana, firthahko, p. 79. 
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place and the place (on the prime meridian) chosen above, which 
is known in the world by the utterance of the common people, 
is the hypotenuse. The square root of the difference between 
their squares (i.e., between the squares of the hypotenuse and 
the upright) is defined by some astronomers to be the distance 
(in yojanas of the local place from the prime meridian). 1 

In Fig 2 let CD be a portion of the prime meridian and AB that of 
the local circle'of latitude. LetL be the local place and Xa place on the prime 
meridian. L and X being joined, we 
get the right-angled triangle XYL. 
The above rule tells us how to deter- 
mine the distance YL of L from the 
prime meridian in linear units (i.e., in 
yojanas). The triangle XYL is suppo- 
sed to be plane and sides XY, YL, 
and XL are taken as the upright 
(koti\ the base (bhuja), and the 
hypotenuse (kama) respectively. Fig- 2 

Subtracting the degrees of the latitude of X from those of L (or Y), 
we get the length XY in terms of degrees. Now the circumference of the 
Earth is equal to 3299 minus 8/25 yojanas in linear units and to 360 degrees 
in circular units ; therefore, multiplying the degrees of XY by 3299 minus 
8/25 and dividing the product by 360, we get the upright (koti) XY m terms 
of yojanas. The hypotenuse XL is assumed to be known in terms of 
yojanas by common usage. Hence the above rule. 

Earth's circumference. In the above rule, as according to Bhaskara 
I also, the diameter of the Earth has been taken to be equal to 1050 
yojanas 2 and equal to 31416. Therefore, 

the circumference of the Earth = 1050x3-1416 yojanas 

= 3298*68 yojanas 
= (3299—8/25) yojanas. 




» This rule is found also in BrSpSi, i. 36 ; LBh, i. 25-26; SiDVr, 1, 
57-58 (i); SiSa, i. 143-144. 

2 Vide infra, chapter V, stanza 4, 
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In the Laghu-Bhaskariya} the author has neglected the fraction 8/25 
and has given the whole number 3299 as the yojanas of the Earth's 
circumference. Lalla a has prescribed the more convenient number 3300. 

Criticism of the above rule : 

5. The distance (obtained above) has been stated to be 
incorrect by the disciples of (Arya)bhata, who are well versed 
in astronomy, on the ground that the method of knowing the 
hypotenuse is gross. (Those) wise people further say that on 
account of the sphericity of the earth (also), the method used 
for deriving the above rule commencing with "aha" is 
inaccurate. 3 

grlpati, too, has criticised the above rule for the same reasons. 
His commentator Makkibhatta sums up his criticism in the following 
words: 

"The above rule is incorrect, because of the curvature of the Earth 
and because of uncertainty of the distances in yojanas depending on 
hearsay. No intelligent person has verified the popular (estimates of 
distances in) yojanas by actual measurement with the help of hand, staff, 
or rope. Therefore, in the face of plurality of popular estimates of 
distances, this rule is improper." 4 

It is noteworthy that the inaccurate rule criticised above occurs 
in the Brahma-sphuta-siddhanta 6 of Brahmagupta and in the Sisya-dhi- 
v^ddhida 6 of Lalla. 

Criticism of another rule : 

6. Some (astronomers) say that the minutes of the 
difference between the true longitude of the Sun calculated 
from the midday shadow (of the gnomon at the local place) 



1 LBh, L 24. 

2 hiDVr, I, i, 56. 

3 This criticism occurs also in LBh, i. 27 and SiSe, i. 104. 

4 SiSe, ii. 104(1), comm. 

5 i. 36. 

6 /, i. 57-58(i). 
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and the true longitude of the Sun calculated (from the 
ahargana) for the middle of the day (without the application of 
the longitude-correction) give the longitude (correction for the 
Sun). This also is not so, because for people who live on the 
same parallel of latitude, the latitude (and therefore the shadow 
of the gnomon) is the same. 1 

This rule has also been criticised by Snpati, who says: 

"Whatever is obtained here as the difference between the longitude 
of the Sun obtained from the midday shadow and that obtained by 
calculation (for midday, without the application of the longitude-correction) 
when multiplied by the (local) circumference 2 of the Earth and divided by the 
(Sun's daily) motion gives the yojanas of the longitude (i.e., the distance 
in yojanas of the local place from the prime meridian). This is gross on 
account of the small change in the Sun's declination." 3 . 

A rule for finding the longitude in time : 

7. Those who have studied the astronomical tantra com- 
posed by (Arya)bhata and are well versed in Spherics state 
that the difference between the time of an eclipse calculated by 
the usual method from the longitudes of the Sun and the Moon 
(both) uncorrected for the longitude-correction and the time of 
the eclipse determined by observation is the more accurate value 
of the (longitude in) time. 4 

"Choice is made, of course, of a lunar eclipse, and not of a solar, 
for the purpose of the determination of longitude, because its phenomena, 
being unaffected by parallax, are seen everywhere at the same instant of 
absolute time ; and the moments of the total disappearance and first 
reappearance of the moon in a total eclipse are further selected, because 



1 See also LBh, i. 28. 

3 The local circumference of the Earth is the circumference of the 
local circle of latitude. 

* SiSe, ii. 103. 

4 Similar rules occur also in LBh, i. 29; SiSe, ii. 106(i); TS, i, 
31(ii)-32(i). 
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the precise instant of their occurrence is observable with more accuracy 
than that of the first and last contact of the moon with the shadow". 1 
Thus, says Nilakantha, "whatever accrues as the difference between (the 
local times of) immersion (of a lunar eclipse) corresponding to the local 
and prime meridians is the time due to the longitude (of the local 
place). This may also be obtained from (the difference between the 
corresponding times for) the emersion of the lunar eclipse". 2 

The calculated time is the local time for the place lying at the 
intersection of the prime meridian and the local circle of latitude, while 
the observed time is the local time for the local place. The difference 
between the two is obviously the longitude in time for the local place. 

Another rule : 

8. On any day calculate the longitude of the Sun and 
the Moon for sunrise or sunset without applying the longitude- 
correction, and therefrom find the time (since sunrise or sunset), 
in ghatjs, of rising or setting of the Moon; 3 and having done 
this, note the corresponding time in ghafis from the water-clock. 
The difference (between the two times), say the astronomers 
well versed in the tantra (composed by Aryabhata ), is (the tune 
of rising at the local place of a portion of the ecliptic equal to 
the motion-difference of the Sun and Moon corresponding to) 
the local longitude in time. (From this, the local longitude in 
time may be easily derived). 

Let 0° N. be the latitude and \° E. the longitude of the local place. 
Also let 7\ ghafis be the time of sunrise and T t ghafis the time of 
moonrise at the place in latitude 0°N. t and longitude 0. Then {T t — T x ) 
ghafis is the time of moonrise (as measured from sunrise) as calculated 
from the longitudes of the Sun and Moon uncorrected for the longitude- 
correction. For those longitudes correspond to true sunrise at the place 
in latitude 0°N. and longitude 0. 



1 Burgess, E., Surya-siddhanta (English translation), Calcutta (1935), 

p. 47. 

2 Cf. TS, i. 31(ii)-32(i). 

3 Rules for finding the time of moonrise are given in Chapter VI. 
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Thus the calculated time of moonrise = T % —T x ghafis. (1) 

At the local place, the time of sunrise on that day will be 
= (7\ — A./6) ghafis ; 
and the time of moonrise will be 

— ( t 2 — Xj€) ghafis— (the time of rising at the local place of a portion of 
the ecliptic equal to 

\ (Moon's daily motion in minutes — Sun's daily motion in minutes ) 

360 ~~ 

minutes of arc.) 

Therefore at the time of moonrise the time indicated by the water- 
clock will be. 

(T 2 — T ± ) ghatis— (the time of rising at the local place of a portion of 
the ecliptic equal to 
X ( Moon's daily motion in minutes— Sun's daily motion in minutes) 

360 

minutes of arc). (2) 

The difference between (1) and (2) gives the time of rising at the 
local place of a portion of the ecliptic equal to 

X (Moon's daily motion in minutes — Sun's daily motion in minutes) 
' 360 

minutes of arc, which is evidently the time of rising at the local place of 
a portion of the ecliptic equal to the motion-difference of the Sun and 
Moon corresponding to the longitude of the local place. Hence the 
rule. 

To obtain the local longitude in ghafis we should multiply the above 
difference of (1) and (2) by 60 and divide the product (thus obtained) by 
the time in which an arc of the ecliptic equal to the difference between the 
daily motions of the Sun and Moon rises above the local horizon. 1 

Criteria for knowing whether the local place is to the east or to 
the west of the prime meridian : 

9. When the rising of a planet is observed before the comup- 
ted time or the first contact of an eclipse is observed after the 



1 See Govinda Svami's commentary and the Siddhanta-d'ipika. 
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computed time, 1 the observer is to the east of the prime meri- 
dian. In the contrary case, he is to the west (of the prime 
meridian). 2 

The longitude correction and its application : 

10(i). Multiply the (mean) daily motion of a planet 
the Sun, or the Moon's ascending node by the longitude in ghatts 
and divide by 60. Apply the resulting correction to the (corres- 
ponding) mean longitude of the planet, the Sun, or the Moon's 
ascending node (calculated for mean sunrise at Lanka) posi- 
tively or negatively according as the local place is to the west or 
east of the prime meridian. (Thus is obtained the mean longi- 
tude of the planet, the Sun, or the Moon's ascending node for 
mean sunrise at the svaniraMa place 3 ). 4 

Rule for finding the length of the local circle of latitude and the 
distance of the local place from the prime meridian: 

10 (ii). Multiply the number of (yqjanas in) the Earth's 
circumference by the Rsine of the colatitude and divide by the 
radius; (the result is the number of yojanas in the local circle of 
latitude). Multiply that by the longitude in ghatis and divide 
by 60; the result (thus obtained) is stated to be the (distance in) 
yqjanas (of the local place from the prime meridian). 6 



1 The computed time corresponds to the place lying at the intersection 
of the local circle of latitude and the prime meridian. 

2 Cf. LBh, i. 29; SuSi, i. 63; SiSe, ii. 105(i)-106(i). 

3 The svaniraksa place is the place where the local meridian intersects 
the equator. 

* This rule occurs also in LBh, i. 31 and SiSe, ii. 106(ii). 
6 Cf. SuSi, i. 60(i), 64(ii)-65, 



CHAPTER III 

DIRECTION, PLACE AND TIME. JUNCTION -STARS OE 
THE ZODIACAL ASTERISMS AND CONJUNCTION 
OF PLANETS WITH THEM 

(1) DIRECTION, PLACE AND TIME. 

Setting up of the gnomon : 

1, After having tested the level of the ground by means of 
water, draw a neat circle with a pair of compasses. (At the 
centre of that circle, set up a vertical gnomon). The gnomon 
should be large, cylindrical, massive, and tested for its 
perpendicularity by means of four threads with plumbs tied to 
them. 

Bhaskara I in his commentary on the Aryabhafiy* tells us that 
there was difference of opinion amongst astronomers in his time regarding 
the shape and size of a gnomon (also called style). Some astronomers 
prescribed a gnomon with its one third in the bottom of the shape of a 
prism on a square base (caturasrd), one-third in the middle of the shape of 
a cow's tail (gopucchakara), and one-third at the top of the shape of a 
spear-head (iMkara); and some others prescribed a square pnsmoidal 
(samacaturasra) gnomon. The followers of Aryabhata I he mforms us 
prescribed the use of a broad (prthu), massive (guru), and large (dirgha) 
cylindrical gnomon, made of excellent timber, and free from any hole, scar 
or knot on its body. In the above stanza Bhaskara I prescribes this last 
kind of gnomon : the other two kinds he proves in the commentary to be 
defective and so he rejects them. 

For getting the shadow-end easily and correctly, the cylindrical 
gnomon was surmounted by a fine cylindrical iron or wooden nail fixed 
vertically at the centre of the upper end. The nail was taken to be longer 
than the radius of the gnomon, so that its shadow was always seen on the 
ground. 8 



* See^haskara I's commentary on A, ii. 13. Also see Paramesvara's 
commentary on MBh, iii. 1. 
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Certain writers, Bhaskara I tells us in the commentary, prescribed 
a gnomon of half a cubit (=12 ahgulas) in length and having twelve 
divisions. But, according to Bhaskara I, (although it was the usual custom) 
there was no such hard and fast rule. The gnomon could be of any 
length and any number of divisions. 1 The gnomon should, however, be 
large enough, so that the rings of graduation on the gnomon may be 
clearly seen on the shadow. A broad and massive gnomon was preferred 
because it was unaffected by the wind. 

As regards testing the level of the ground, Bhaskara I observes: 
"When there is no wind, place a jar (full) of water upon a tripod on 
the ground which has been made plane by means of eye or thread, and 
bore a (fine) hole (at the bottom of the jar) so that the water may have 
continuous flow. Where the water falling on the ground spreads in a circle, 
there the ground is in perfect level; where the water accumulates after 
departing from the circle of water, there it is low; and where the water 
does not reach, there it is high." 2 

The same test has been prescribed by Govinda Svami 3 and 
Nilakantha. 4 

After the ground was levelled, a prominently distinct circle was 
drawn on the ground as stated in the text. In the time of &ankaranara- 
yana (869 A. D.) it seems that all lines were drawn on the ground with 
sandal paste (candanaksodardra). 5 The above circle having been thus 
drawn and coated with sandal paste, another smalt concentric circle 
was drawn with the radius of the gnomon. The gnomon was then 
placed vertically with the periphery of its base in coincidence with that 
circle. The gnomon was thus set up exactly in the middle of the 
bigger circle. The vertically of the gnomon was tested by means of four 
plumb-lines hung on the four sides of the gnomon. 

A rule for finding the directions : 

2. With the two points where the shadow (of the 
gnomon) enters into and passes out of the circle, neatly draw 
a fish-figure (lit. fish). The thread-line which goes through the 

1 See Bhaskara Fs comm. on A, ii. 14. 

2 Bhaskara I's comm. on ~A, ii. 13. 

3 In his comm. on MBh, iii. 1. 

4 In his comm. on A, ii. 13. 

6 ' 6 Vide 6ankaranarayana's comm. on LBh, iii. 1-2. 



->« DIRECTION, .PLACE AND HME 

mouth and tail of the fish-figure indicates the north and south 
directions with respect to the gnomon. 1 

Let ENWS (See Fig. 3) be the circle drawn on the ground, and 
O its centre where the gnomon is set. Let W x be the point where 
the shadow enters into the circle ( in 
the forenoon ), and E t the point 
where the shadow passes out of the 
circle (in the afternoon). Join Ej and 
W v The line EjW-l is directed east 
to west. With E x as centre and 
with EiWj as radius 2 draw an arc of 
a circle, and with W t as centre and 
with the same radius draw another 

arc cutting the former at the points "W t 

N,andS,. Join N, and S, . The line - „. „ 

Fig. 3 

N^Sj. is directed north to south. 

Let the line NjSj meet the circle in the points N and S and the line 
through O drawn parallel to E^ in E and W. Then E, W, N, and S 
are respectively the east, west, north, and south directions relative to the 
gnomon, i.e., for an observer situated at O. 

The figure N 1 E 1 S 1 W 1 N 1 is called "fish or fish-figure" 3 , and the 
points N x and Si are called the mouth and tail of the fish-figure. 

As the Sun moves along the ecliptic, its declination changes. By 
the time the shadow moves from OWj to OE^ the Sun traverses some 
distance of the ecliptic and so, theoretically speaking, its declination gets 
changed. It follows that EW is not the true position r of the east-west line. 
Brahmagupta (628 A.D.) was probably the first Hindu astronomer who 
prescribed the determination of the east-west line with proper allowance for 
the change in the Sun's declination. The details of the method intended 



1 This rule is found also in STiSi, iii. 1-4; BrSpSi, iii. 1; LBh, iii. 1; 
kiDVr, /,iii.l; MSi, iv. l~2;JSi&e, iv. 1-3; and SiSi, I, iii. 8-9. 

2 In general, as Paramesvara says in his comm. on LBh, iii- 1-3 
this radius may be any length greater than (1/2) EjWj. 

3 Varahamihira calls this figure "yava (barley or barley-figuresr. 
also/ See PSi, iv. 19. 
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by him have been supplied by his commentator Prthudaka Svami (860 A.D.) 1 
The method of getting the correct east-west line is found to occur also in 
the Siddhanta-sekhara 2 of £ripati (c. 1039 A.D.) the Siddhanta-siromani 3 of 

Bhaskara II (1150 A.D.) etc. For practical purposes, however, the method 
given in the text is good enough. 

An alternative rule : 

3. With the three points (at the ends of the three shadows 
of the gnomon) corresponding to (any three) different times 
(in the day), draw two fish-figures (each with two of the three 
points) in accordance with the usual method. From the point 
of intersection 4 of the lines passing through the mouth and tail 
(of the two fish-figures), determine the north and south 
directions. 6 

According to this rule, the north-south line is the one joining the 
foot of the gnomon with the point of intersection of the mouth-tail lines 
of the two fish-figures . 

Varahamihira states this rule as follows : 

"Mark three times, from the centre, the end of the gnomon's shadow, 
and then describe two fish-figures. Thereupon describe a circle, taking 
for radius a string, that is fastened to the point in which the two strings 
issuing from the heads of the fish-figures intersect, and that is so long 
as to reach the three points marked. On the given day the shadow of 
the gnomon moves in that circle, without departing from it. 

"The line joining the centre of that circle and the base of the gnomon 
is the south-north line ; and the interval in north direction (between that 
circle and the gnomon) is the midday shadow." 6 

1 See Sudhakara Dvivedi's comm. on BrSpSi, iii. 1. 

2 iv. 14-16. 

3 /, Hi. 8. 

4 This point of intersection is the same as the centre of the circle 
passing through the three shadow-ends. 

6 This rule is found also in PSi, xiv. 14-16 ; BrSpSi, iii. 2 ; SiDVr, 
I> iii. 2 ; and SiSe, iv. 4. 

* See G. Thibaut and S. Dvivedi, The Panca-siddhantika, Banaras 
(1889), xiv, 14-16, English translation, p. 79. 
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Brahmagupta is more precise. He says : 

"The point where the lines passing through the two fish-figures, 
which are drawn by means of three shadow-ends (of the gnomon), intersect 
each other is, for places in the northern hemisphere, the south direction* 
(if the midday shadow falls to the north of the foot of the gnomon) If 
the midday shadow falls towards the south of the foot of the gnomon, it 
is the north direction". 2 

The above rule is evidently based on the assumption that the 
locus of the end of the shadow of the gnomon is a circle. In fact for 
places whose latitudes are less than 90°- Q (where Q is the obliquity of 
the ecliptic), this locus is a hyperbola, so the above assumption is not a 
correct one. The above rule will, however, give an approximately correct 
result if the three shadow-ends chosen are not far removed from the vertex 
of the hyperbola. 

The method of drawing a circle through three given points by. the 
aid of two fish^figures is called "trisarkara-vidhana" by Bhaskara I. 3 

A rule . for getting the length of the hypotenuse of the 
shadow : 

4. The square root. of the sum of the squares of the gno- 
mon and its shadow (is equal to the hypotenuse of the shadow : 
this), say the learned (astronomers), is always the semi-diameter 
of its own circle in the calculations with the shadow. 4 

By "the semi-diameter of its own circle" is meant "the semi-diameter 
of the circle of shadow". 

The circle of shadow is, as Bhaskara I has said 5 , useful in the appli- 
cation of proportion in connection with the problems involving the shadow 
of the gnomon. For example, in finding out the Rsine 6 of the Sun's 
zenith distance from the shadow of the gnomon, the proportion is : 

1 The north „ direction being indicated by the end of the midday 
shadow of the gnomon. 

2 BrSpSi, iii. 2. 

3 See LBh, vi. 16. 

4 This rule is found also in A, ii. 14. 
6 In his commentary on A, ii. 14. 

• Rsine stands for "radius x sine". 
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"When to the radius of the circle of shadow corresponds the 
shadow of the gnomon, what will correspond to the radius of the 
celestial sphere ? The result is the Rsine of the Sun's zenith 
distance". 

Rules for finding the latitude and colatitude and the zenith 
distance and altitude of the Sun : 

5. Multiply the radius by (the length of) the shadow and 
(at another place) by (the length of) the gnomon. Divide (the 
two results) separately by the square root (obtained above). 
When this calculation is performed for an equinoctial midday, 
the (two) results denote the Rsine of the latitude and the Rsine 
of the colatitude (respectively); elsewherej they denote the great 
shadow (i.e., the Rsine of the Sun's zenith distance) and the 
great gnomon (i.e., the Rsine of the Sun's altitude) (respectively). 1 

equinoctial midday shadow x radius 
hypotenuse of equinoctial midday shadow' 

gnomon x radius * 
hypotenuse of equinoctial midday shadow 

shadow x radius 
. hypotenuse of shadow ' 

gnomon x radius 
hypotenuse of shadow ' 

where and C denote the latitude and colatitude of the place, and 2 and 
a denote the zenith distance and altitude of the Sun. 2 

These results are easily proved by assuming that the rays coming from 
the Sun are parallel. 



That is 
Rsin $ 



and 



Rsin C 

Rsin z 
Rsin a 



1 This rule is found also in SuSi, iii. 13-14; BrSpSi, hi. 10; LBk, m. 
2-3; SiDV, : , I, iii. 4-5; SiSe, iv. 7; and Si&i, I, iii. 18. 

2 The equinoctial midday shadow is the shadow cast by the gnomon 
*t midday at an equinox. 



62 



DIRECTION, PLACE AND TIME 



In fact, however, the rays coming from the Sun are not exactly 
parallel, so that the angle between the gnomon and the Sun's ray reaching 
the ground through the upper end of the gnomon is not exactly equal to 
the zenith distance of the Sun. Moreover, the shadow which is actually 
measured is the umbra (i.e., the shadow between the foot of the gnomon 
and the point where the ray coming from the uppermost point of the 
Sun's disc and passing through the upper end of the gnomon meets the 
ground) and not the theoretical shadow corresponding to the central ray 
of the Sun coming through the upper end of the gnomon. Later Hindu 
astronomers have, therefore, prescribed corrections to the results deter- 
mined according to the rules in the above stanza. 1 

For practical purposes the rules stated above are good enough. The 
error is negligible. 

Rules for determining the declination, day-radius, earthsine, and 
ascensional difference (for the Sun or a point on the ecliptic): 

6-7. Multiply the Rsine of the given longitude by 1397 
and always divide by the radius; the result is the Rsine of the 
declination for that time. Subtract the square of that (Rsine of 
the declination) from the square of the radius and then take the 
square root (of the difference); the result is called the day -radius. 3 
Multiply the Rsine .of the latitude by (the Rsine of ) the given 
declination and divide by (the Rsine of ) the colatitude: the 
result is the earthsine. 4 Multiply the earthsine by the radius and 
then divide (the product) by the day -radius; then reduce (the 
resulting Rsine) to arc. Whatever (arc) is thus obtained is termed 
"the ascensional difference" by the best amongst the good 
(astronomers). 5 , , 

1 These corrections occur in KPr, iv. 2; KP, viii. 3; and TS, iii. 
10(ii)-ll. ,. , 

2 This rule is found also in S Si, ii. 28; BrSpSi, ii. 55; LBh, n. 16; 
SiDVr, /..ii. 17; SiSe, iii. 63-64; SiSi,J, ii. 47(h). 

• This rule is found also in A, iv. 24; BrSpSi, ii. 56; LBh, ii. 17; 
SiDVr, I, ii. 18; SiSe, iii. 66; SiSi, ^u. 48. , 

• This rule is found also in A, iv. 26; LBh, ii. 17-18; SiSe, iii. 65. 

• This rule is found also in Su'Si, ii. 61; BrSpSi, ii. 57-58; LBh, ii. 
18; SiDVr, I, ii. 18; SiSe, iii. 67 (i); SiSi, I, ii. 49 (i). 
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That is 

1397 x Rsin X 



(1) Rsin 8 = 



R 



(2) Day-radius =V R 2 -- (Rsin S) 2 
Rsin x Rsin 8 



(3) Earthsine 



Rsin (90°—^) 

earthsine x radius 



(4) Rsin (ascensional difference ) = . , 

v day-radius 

where R is the radius, <f> is the latitude of the place, and \ and S are the 

sayana longitude 1 and declination respectively. 

Definitions. 

The day-radius is the radius of the small circle parallel to the celestial 
equator. A small circle parallel to the celestial equator is called a diurnal 
circle (ahoratra-vrtta). In particular, the Sun's diurnal circle is the small 
circle parallel to the equator which the Sun describes in the course of a day. 

The earthsine is the Rsine of the arc of a diurnal circle intercepted 
between the local horizon and the six o'clock circle. 8 In Hindu astronomy 
the six o'clock circle is called the equatorial horizon (nirakaa-kaitija) as 
it is the horizon of a place 3 on the equator. 

The ascensional difference is defined by the arc of the celestial 
equator lying between (i) the equatorial horizon and (ii) the secondary 
to the equator passing through the intersection of the diurnal circle and 
the (eastern or western) horizon. It is measured in time (i.e., in asus*). 
The ascensional difference of the Sun thus denotes the difference between 
the times of rising of the Sun on the local and equatorial horizons. 



1 By the sayana longitude is meant the celestial longitude measured 
from the moving vernal equinox. C < >> 

2 The six o'clock circle is the great circle of the celestial sphere 
which passes through the east and west points of the celestial horizon and 
the poles of the celestial equator. 

3 This place lies at the intersection of the local meridian and the 
equator. 

4 One asu corresponds to one minute of arc of the celestial equtaro 
Thus one asu =z 4 seconds of sidereal time, ; ; 
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Rationale of the above rules. 

(1) In Fig. 4, let S be the Sun (or a point on the ecliptic), SL the 
perpendicular from S on the plane of the celestial equator, and SM th 
perpendicular from S on the line joining the centre of the celestial sphere 
with the first point of Aries. Then in the plane triangle SLM, we have 

SL = Rsin S, 

SM = Rsin a, 

ZLSML = (7 , 

and £SLM = 90°. 




Fig. 4 



Therefore, 



or 



SL/SM = Rsin £/Rsin 90°, 
Rsin 8 = Rsin £ x Rsin a 
R 

_ 139Tx Rsin A 



R 



i for Rsin G=1397'. 1 



(2) The arcual distance of the diurnal circle from the north pole of 
the celestial equator = 90°— S. Therefore, the day-radius =Rsin (90°— S), 
or \ZR 2 — (Rsin S ) 2 - 

(3) In Fig. 5, let K be the point of intersection of the diurnal circle 
and the six o'clock circle, KB the perpendicular from K on the rising-setting 
line, 2 and KA the perpendicular from K on the east-west line. Then in the 
plane triangle KAB, we have 



KA — Rsin $, 
KB = earthsine, 
ZLKBA = 90° — ^, 
and Z^KAB = <f>. 



1 See LBh, ii. 16. 

2 The rising-setting line of a heavenly body is the line joining the 
point where the heavenly body rise's on the eastern horizon with the point 
where it sets on the western horizon. In other words, it is the line of 
intersection of the planes of the celestial horizon and the diurnal circle. 
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Therefore, we have 

earthsine Rsin 



Rsin 8 Rsin (90°— ) ' 

or earthsine = Rsin <f> x Rsin $ 
Rsin (90°— <£) 

(4) By definition 

Rsin (asc. diff.) radius 



earthsine day-radius 

Therefore Rsin (asc. diff.) = earthsine x radius # 

day-radius 

A. rule for finding the ascensional differences of the (sayana) 
signs Aries, Taurus, and Gemini : 

8. Twenty-four multiplied by ten (i.e., 240), 192, and 
81 — these when (successively) multiplied by the angulas of the 
equinoctial midday shadow and (the products thus obtained) 
divided by four become the asus of the ascensional differences 
corresponding to Aries, Taurus, and Gemini respectively. 1 

The numbers 240, 192, and 81 given above are four times the 
ascensional differences in asus of the signs, Aries, Taurus, and Gemini 
respectively for a place having one ahgula for the equinoctial midday 
shadow. 

We have seen that the ascensional difference of the Sun is the 
difference between the times of rising of the Sun on the local and 
equatorial horizons. The ascensional difference of the sign Aries is the 
difference between the times that the sign Aries takes in rising above 
the local and equatorial horizons. Since the first point of Aries rises 
simultaneously at both the horizons, therefore the ascensional difference 
of Aries is equal to the ascensional difference of the last point of Aries 
(for which a=30°). Similarly, the ascensional difference of Aries and 
Taurus (taken together) is equal to the ascensional difference of the last 
point of Taurus (for which X=60°). 

The ascensional difference of Taurus is equal to the ascensional 
difference of Aries and Taurus minus the ascensional difference of Aries. 



1 Similar rules occur also in PSi, hi. 10 ; KK (Sengupta), i. 21; KK 
(Babua Misra), iii. 1; SiDVr, I, xiii. 9; SiSi, /, ii. 50-51, 
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That is to say, it is equal to the ascensional difference of the last point 
of Taurus minus the ascensional difference of the first point of 
Taurus. 

The ascensional difference of Gemini, similarly, is equal to the 
ascensional difference of the last point of Gemini minus the ascensional 
difference of the first point of Gemini. 

The following is the rationale of the above rule: 
From stanza 7, we have 

„ . , Rsin 4> x Rsin § radius 
Rsm (asc. diff.) = ^ ■ X • 

But from stanza 5, assuming gnomon = 12 ahgulas, 

Rsin 4> _ equinoctial midday shadow 
Rsin (90°-<£) ~ 12 

Therefore 

(equinoctial midday shadow) x Rsin 8 X ra dius 
Rsm (asc. diff.) = I* 12 x Rcos 8 

Hence for a place having one ahgula for the equinoctial midday 
shadow 

Rsin g X R 



Rsin (asc. diff.) = 



12 xRcosg 

1397 x Rsin X R (using stanza 6) 

' r x 12 x Rcos S 



where X is the sayana longitude, 8 the declination, and R the radius 
(=3438'). 

Now we will calculate the ascensional differences of Aries, Taurus, 
and Gemini for a place having one ahgula for the equinoctial midday 
shadow. 

(1) Calculation of the ascensional difference of Aries. 
At the last point of Aries, X = 30°, so that Rsin X = R/2. 
Therefore, Rsin g' = 1397/2 = 698' '5 
and Rcos § = 3366'. 
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Hence Rsin (asc. diff. of Aries) 

= 698-5 X 3438 
3366 X 12 

_ 2401443 
40392 

= 60' approx. 

Therefore, the ascensional difference of Aries is 60 asus approxi- 
mately. 

(2) Calculation of the ascensional difference of Taurus. 

At the last point of Taurus, X = 60°, so that 
Rsin X = 2977'. 

Therefore, Rsin S = 1210' approx. 
and Rcos 8 = 3218' approx. 

Hence Rsin (asc. diff. of Aries and Taurus) 

= 1210 X 3438 
12 X 3218 

= 108' approx. 

Therefore, the ascensional difference of Aries and Taurus is 108 
asus. Subtracting from it the ascensional difference of Aries, the 
ascensional difference of Taurus comes out to be 48 asus. 

(3) Calculation of the ascensional difference of Gemini. 

At the last point of Gemini, X = 90°, so that Rsin X = R. 
Therefore, Rsin § = 1397' and Rcos g = 3141'. 

Hence Rsin (asc. diff. of Aries, Taurus, and Gemini) 

= 1397 x R 
12 X 3141 . 

= 4802886 
~ 37692 

— 128' approx. 
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It follows that the ascensional difference of Aries, Taurus, and 
Gemini (taken as a whole) is 128 asus. Subtracting from it the ascen- 
sional difference of Aries and Taurus, we get 20 asus. This is the 
ascensional difference of Gemini. 1 

The formula for the ascensional difference may now be 
written as 

Rsin (asc. diff.) = Rsin (asc. diff. for unit equinoctial midday 

shadow) x (equinoctial midday shadow). 

[4 x (asc. diff. for unit equinoctial midday shadow)] 
or asc. diff. = X (equinoctial midday shadow) 



approximately. Hence the above rule. 

A rule for finding the times of rising of the (sayana) signs at 
the equator : 

9. (Severally) multiply the Rsines of (one, two, and 
three) signs by 3141 and divide (each of the products) by the 
corresponding day-radius. Reduce the resulting Rsines to the 
corresponding arcs, and then diminish each arc by the 
preceding arc (if any). The residues obtained after subtraction 
are the times (in asus) of rising of the signs Aries, Taurus, and 
Gemini at the equator. 2 



1 We have taken above the approximate values of the ascensional 
differences of the last points of Aries, Taurus, and Gemini. Better values 
are 59-45, 10777 and 127-4 asus. If these values are taken, then the 
ascensional differences of Aries, Taurus, and Gemini would come out to 
be 59-45, 48-32, and 19-63 asus. Four times of these are 238, 193 and 
79 asus approx. Hence some astronomers (see Paramesvara's Siddhanta- 
dipika) give the following reading of the text: 

w§f^rr(238) »rwsT^ft (193) 

*r^ra«r(79)^Tfir§aT: q?rr3-'T#: i 

2 This rule is found also in SuSi, iii. 42-43; BrSpSi, iii. 15; SiDVr 
I, iii. 8; Si&e, iv. 15; SiSi, I, ii. 51. 
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If A, B, and C be the last points of the signs Aries, Taurus, and Gemini 
respectively, then the time of rising of Aries at the equator is equal 
to the right ascension of A, the time of rising of Taurus at the equator is 
equal to the right ascension of B minus the right ascension of A, and the 
time of rising of Gemini at the equator is equal to the right ascension 
of C minus the right ascension of B. 

If A and S be the sayana longitude and declination of a point on the 
ecliptic, then the right ascention o( of that point is given by the formula i 1 

Rsinot = Rcos £ x Rsin k 
Rcos 8 

where £ is the obliquity of the ecliptic. 

But, according to Bhaskara I, £ = 24°; 2 therefore we have 
Rsino( = 3141 x Rsin \ ^ 
day-radius 

Hence the above rule. 

Times of rising of the (sayana) signs, Aries, Taurus, and Gemini 
at the equator and a rule for finding the times of rising 
of the (sayana) signs at the local place : 

10. Those who know astronomical methods have found 
them (i.e., the times of rising of Aries, Taurus, and Gemini at 
the equator) to Tbe 1670, 1795, and 1935 [asus respectively) . 
These respectively diminished and the same reversed and 
increased by the corresponding ascensional differences are the 
tunes (in asus) of rising of the six signs beginning with Aries at 
the local place. (The same in the inverse order are the times of 
rising of the six signs beginning with Libra at the local place.) 3 

If a, b, and c denote the ascensional differences of Aries, Taurus 
and Gemini respectively, then the times of rising of the signs at the local 
place are given by the following table : 

1 This formula occurs in A, iv. 25. For its rationale see Part I, 
Chapter IX. 

2 See LBh, ii. 16, where Rsing has been stated to be equal to 1397'. 

3 This rule occurs also in SuSi, iii. 43-45; LBh, iii. 5-6; kiDV'r, I, iii. 9; 
Sike, iv. 17, 15(ii); SiSi, /, iii. 58-59(i). 
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Times of Rising of the Signs at the Local Place 



Sign 


IT I'll f * j"vf t*101t"ifY at ( l-> . i 1/-\r»o1 *\1n^a 

aiuic vi ribing di ue local piace, 
in asus 


Sign 


1 


Aries 


1670 — a 


12 


Pisces 


2 


Taurus 


1795 — b 


11 


Aquarius 


3 


Gemini 


1935 — c 


10 


Capricorn 


4 


Cancer 


1935 + c 


9 


Sagittarius 


5 


Leo 


1795 + b 


8 


Scorpio 


6 


Virgo 


1670 + a 


7 


Libra 



A rule for the determination of the meridian zenith distance 
and meridian altitude of the Sun with the help of the Sun's 
declination and the latitude of the place : 

1 1 . The difference or the sum of the Sun's declination 
and the latitude (of the place) according as the Sun is in the 
six signs beginning with Aries or in the six signs beginning 
with Libra is the Sun's meridian zenith distance (i.e., the 
zenith distance of the midday Sun) } 

90 degrees (literally, a quadrant of a circle) minus the 
degrees of the (Sun's) meridian zenith distance is the (Sun's) 
meridian altitude. 2 

The Rsine of the degrees of the Sim's meridian zenith 
distance is the great shadow; and the other (i.e., the Rsine of 
the Sun's meridian altitude) is the great gnomon. 

An alternative rule foi finding the Sun's meridian altitude : 

12. Or, take the Sum or difference of the earthsine and 
the day -radius according #s the Sun is in the northern or southern 

1 This rule is found also in BrSpSi, iii. 47; LBh, iii. 27; SiDVr, I, 
iii. 16; SiSe, iv. 42(i). 

2 This rule is found also in BrSpSi, iii. 47(ii); SiSe, iv. 42(ii). 
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hemisphere; then multiply that (sum or difference) by (the 
Rsine of) the colatitude and divide by the radius. The result 
thus obtained is the Bsine of the Sun's altitude at midday. 

Let S (See Fig. 6) be the position of the midday Sun on the celestial 
sphere. Also let SA and SB be the perpendiculars dropped from S on the 
plane of the celestial horizon and the Sun's rising-setting line 1 respec- 
tively. Then in the plane triangle SAB, we have 

SA = Rsin a 

SB = day-radius ± earthsine, 

l_,SBA = 90° — 0, 

and ^SAB - 90°, A 

where a denotes the Sun's altitude, Fig- 6 

and (f> the latitude of the place. 
Therefore SA/SB - Rsin ^SBA / Rsin Z_SAB, 

„ . ("day-radius dtz earthsine) X Rsin (90° — <£) 
or Rsm a _ v J — > 

+ or — sign being taken according as the Sun is to the north or south of 
the equator. 

A rule for determining the Sun's declination with the help 
of the Sun's meridian zenith distance and the latitude of the 
local place, when the latitude is greater than the Sun's meridian 
zenith distance: 

13. When the latitude is greater than the arc of the Sun's 
meridian zenith distance derived from the (midday) shadow 
(of the gnomon), their difference is the declination of the 
apparent Sun. The Sun is also, in that case, in the northern 
hemisphere. 2 

This rule relates to the case when the midday shadow of the gnomon 
falls to the north of the gnomon. 




1 Vide supra, p. 64 (footnote). 

2 This rule is found also in LBh, iii. 30. 
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A rule for determining the Sun's declination with the 
help of the Sun's meridian zenith distance and the latitude of 
the local place, when the midday shadow of the gnomon falls 
to the south of the gnomon : 

14. When the (midday) shadow (of the gnomon) falls 
to the south (of the gnomon), then the sum of the latitude and 
the Sun's true meridian zenith distance gives the declination 
of the Sun lying in the northern hemisphere. 1 

A rule for finding the Sun's decimation with the help of the 
latitude and the Sun's meridian zenith distance, when the Sun's 
meridian zenith distance is greater than the latitude and the 
shadow of the gnomon falls towards the north of the gnomon : 

15. When the Sun's meridian zenith distance is greater 
than the latitude, then the latitude is always subtracted from 
that (i. e., from the Sun's meridian zenith distance): the remain- 
der (obtained) after subtraction denotes the Sun's true decli- 
nation. The iSun is' also, in that case, undoubtedly in the 
southern hemisphere. 2 

The rules in the above three stanzas may be summarised as follows : 

(1) When the midday shadow of the gnomon falls towards the 
north of the gnomon, then 

Sun's declination = latitude <v Sun's meridian zenith distance, 

the Sun's declination being north or south according as the latitude is 
greater or less than the Sun's meridian zenith distance. 

(2) When the midday shadow of the gnomon falls towards the south 
of the gnomon, then 

Sun's declination = latitude + Sun's meridian zenith distance, 
the Sun's declination in this case being always north. 



1 This rule is found also in LBh, iii. 30. 
s This rule is found also in LBh, iii. 31, 
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A rule for the determination of the Sun's longitude from 
its declination : 

16. The radius multiplied by the Rsine of that (Sun's 
declination) should be divided by the Rsine of the Sun's great- 
est declination. The resulting Rsine reduced to arc, or (90° 
minus that arc) increased by three signs, or that (arc) increased 
by six signs, or (90° minus that arc) increased by nine signs, 
according as the Sun is in the first, second, third, or fourth 
quadrant, is the Sun's longitude. 1 

The longitude thus obtained is sayana. 

In the above rule a knowledge of the Sun's quadrant is assumed, 
but nowhere in the present work are we told how to know the Sun's 
quadrant. From other works on Indian astronomy we learn that it was 
known from the nature of the midday shadow. In the Pitamaha-siddhanta 2 
we are given the following criteria for knowing whether the Sun is in the 
first, second, third, or fourth quadrant : 

"(When the Sun is) in the first quadrant, the (midday) shadow of 
the trees is smaller than the equinoctial midday shadow and also decreasing 
(day to day); in the second quadrant, it is smaller (than the same) but 
increasing; in the third quadrant, it is greater and also increasing; and in 
the fourth, it is greater but decreasing". 

So also says Sripati 3 , but (for places below the Tropic of Cancer) 
he adds : 

"If the (midday) shadow fall towards the south and be on the increase, 
even then the quadrant is the first. Similarly, if you see that the (midday) 
shadow (falling towards the south) is on the decrease, you must understand 
that the quadrant is the second." 4 



1 This rule occurs also in SuSi, iii. 18-19; and LBh, iii. 32-33. 

a This work is in prose and was edited along with a few other 
siddhantas in the Joytisa-siddhanta-sahgraha by Pandit Vindhyeshwari Prasad 
Dwivedi, Banaras (1912). 

8 Sike, iv. 70. 

« S&e, iv. 71. 
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Kamalakara has followed gnpati. 1 Paramesvara has also made a similar 
statement. He says: 8 

"The Sun's northern or southern hemisphere (gold) and the Sun's 
northerly or southerly course (ayana) should be determined from the point 
where the Sun rises and from the decrease or increase of the (midday) 
shadow (of a gnomon) on two consecutive days". 3 

Certain astronomers decided the Sun's quadrant on the basis of the 
seasons. For example, Bhaskara II writes : 

"The quarters of the year are known from the characteristics of the 
seasons, so I will describe them afterwards". 4 

A rule for the; determination of the latitude with the help 
of the Sun's meridian zenith distance and declination : 

17. When the Sun is in the northern hemisphere (and 
the shadow of the gnomon falls towards the north), add the 
(Sun's) declination and the (Sun's) meridian zenith distance; 
when the Sun is in the southern hemisphere, or when the 
(midday) shadow (of the gnomon) falls towards the south 
(of the gnomon), take their difference: the sum or difference 
thus obtained is the latitude. 5 

A rule for finding the Rsine of the Sun's altitude or zenith 
distance from the time elapsed since sunrise in the forenoon 
or from the time to elapse before sunset in the afternoon : 

18-20. Add the (Sun's) ascensional difference derived 
from the local latitude to or subtract that from the asus (elapsed 
since sunrise in the forenoon or to elapse before sunset in the 
afternoon) according as the Sun is in the southern or northern 



1 See SiTV, iii. 192-193. 

8 See Paramesvara's comm. on SuSi, ii. 19. 
4 SiSi, II, xi. 38. 

6 This rule is found also in SuSi, iii. 15-16; BrSpSi, iii. 13; LBh, iii. 34; 
SiSe, iv.13. 
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hemisphere. By the Rsine of that (sum or difference) multiply 
the day -radius and then divide (the product) by the radius. 
In the resulting quantity apply the earthsine reversely to the 
application of the ascensional difference (i.e., subtract the earth- 
sine when the Sun is in the southern hemisphere and add the 
earthsine when the Sun is in the nothern hemisphere). Then 
multiply that (i.e., the resulting difference or sum) by the 
Rsine of the colatitude of the local place and then divide 
(the product) by the radius again. Thus is obtained the Rsine 
of the Sun's altitude for the given time in ghatls. 1 The square 
root of the difference between the squares of the radius and 
that (Rsine of the Sun's altitude) is known as the (great) 
shadow. 2 

The asus elapsed since sunrise in the forenoon or to elapse before 
sunset in the afternoon are obtained by multiplying the given ghatis 9 by 
360. These are equivalent to the number of minutes in the arc of the 
celestial equator lying between the hour circles passing through the Sun 
and through the Sun's position on the horizon at sunrise or sunset. When 
these asus are diminished or increased by the asus of the Sun's ascensional 
difference (according as the Sun is in the northern or southern hemisphere), 
the asus of the difference or sum correspond to the minutes lying in the 
arc of the celestial equator intercepted between the Sun's hour circle and 
the six o'clock circle. The Rsine of that multiplied by the day-radius 
and divided by the radius gives the distance in minutes of the Sun from 
the line joining the points of intersection of the six o'clock circle and the 
Sun's diurnal circle. That increased or diminished by the earthsine (accord- 
ing as the Sun is in the northern or southern hemisphere) gives the distance 
of the Sun from the rising-setting line. 

In Fig. 7, let S be the position of the Sun on the celestial sphere, 
SA the perpendicular from S on the plane of the horizon, and SB the 
perpendicular from S on the rising-setting line. Then in the plane triangle 
SAB, we have 



1 This rule is found also in A, iv. 28; BrSpSi, iii. 25-26; LBh, iii. 7-10; 
SiDVr, I, iii. 24-25; Si&e, iv. 32, 34; SiSi, I, iii. 53-54. 

2 This rule is found also in BrSpSi, iii. 27(h); and Si&e, iv. 34. 
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SA = Rsin a. 

_ Rsin (given time in asm =P asc. diff.) x day-radius 
~" radius 



earthsine, 



£.SBA = 90°—^, 
and Z^SAB = 90°, 
where a is the Sun's altitude, and 
<£ the latitude of the place. 
Therefore, we have 

SB x Rcos 



Rsin a 



Hence the rule. 




R 



Fig. 7 



An approximate rule for finding the Sun's altitude : 

21. Multiply "the upright due to the instantaneous 
meridian-ecliptic point" by the Rsine of the degrees intervening 
between the Sun and the rising point of the ecliptic and then 
divide (the product) by the radius: the result; is the Ksine of the 
Sun's true altitude. The square root of the difference between 
the squares of that and the radius is the Rsine of the Sun's 
zenith distance. 

"The upright due to the meridian-ecliptic point" is the Rsine of the 
altitude of the meridian-ecliptic point. 1 Therefore, the rule stated 
above may be expressed as 



Rsin a = 



Rsin Q x Rsin (L — S) 
R 



where a is the Sun's altitude, the altitude of the meridian-ecliptic point, L 
the longitude of the rising point of the ecliptic, S the longitude of the 
Sun, and R the radius of the celestial sphere (= 3438'). The rising point 
of the ecliptic is that point of the ecliptic which lies on the eastern horizon. 

This formula is approximate, because the distance between the 
rising point of the ecliptic and the meridian-ecliptic point is not always 
exactly equal to 90° as assumed there. 



1 See the next stanza. 
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The correct formula is 

Rsin a = Rsin* X Rsiti (£r-5) 
R 

where ^ denotes the altitude of. the central ecliptic point. 1 

The author does not prescribe this correct formula, because the 
value of Rsin \p has not been accurately determined by him. In Chapter V 
he gives only an approximate formula for it. 2 

For practical purposes the approximate formula is good enough. 

Definition of "the upright due to the meridian-ecliptic point :" 
22. The square root of the difference between the 
squares of the Ksine of the zenith distance of the meridian-ecliptic 
point and of the radius (ravi-Jcahsya) is called "the upright due 
to the meridian-ecliptic point" by those who are well versed 
in Spherics. 

Thus we see that "the upright due to the meridian-ecliptic point" 
is the Rsine of the altitude of the meridian-ecliptic point. It is usually 
called madhya-sahku. 

The word ravi-kaksya, literally meaning "the Sun's orbit", is used in 
the text in the sense of "the radius (of the Sun's orbit)". 

Two alternative rules for finding the Sun's altitude : 

23-24. Increase or diminish the ghatis (elapsed since 
sunrise in the forenoon or to elapse before sunset in the after- 
noon) by the asus of the (Sun's) ascensional difference 
(according as the Sun is in the southern or northern hemis- 
phere). To the Rsine of that apply the Rsine of the (Sun's) 
ascensional difference reversely to the above. By what 

1 The central ecliptic point (also called the "nonagesimal") is 
that point of the ecliptic which is 90 degrees behind the rising point of 
the ecliptic and 90 degrees ahead of the setting point of the ecliptic. 
This point of the ecliptic is at the shortest distance from the zenith and 
is the central point of that part of the ecliptic which lies above the 
horizon. 

2 See infra, Chapter V, verse 19. 
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is thus obtained multiply the product of the day -radius and 
(the Esine of) the colatitude and then divide (the resulting 
product) by the square of the radius. The result of this 
(operation) is the Rsine of the (Sun's)- altitude. 

Or, multiply the result obtained by the inverse applica- 
tion of Rsine of the (Sun's) ascensional difference (in the above 
process) by the product of (the length of) the gnomon and the 
day -radius and then divide by the product of (the length of 
the hypotenuse of the equinoctial midday shadow and the 
radius; the result is the Rsine of the (Sun's) altitude. 1 

That is to say, 

t, . M X day-radius Rcos (1) 

xvsm a — _— ^_ _~— — v- * > 
R x R 

where M — Rsin (given ghatis^&sc. diff)zbRsin (asc. diff. ), the upper or 

lower sign being taken according as the Sun is in the northern or southern 

hemisphere, a and <f> are, as usual, the Sun's altitude and the latitude of 

the place respectively. 

Or, 

t> • _ M X day-radius gnomon 

j\.sin ci — — " ■'— — 1 1- v- ■ 

R hypotenuse of equinoctial midday shadow 

...(2) 

"M multiplied by day-radius and divided by radius" represents in the 
celestial sphere the perpendicular distance of the Sun from the rising-setting 
line. 

A rule for finding the Sun's altitude when the Sun's ascensional 
difference is greater than the given time: 

25. When the (Sun's) ascensional difference (is greater 
than and) cannot be subtracted from the given asus (elapsed since 
sunrise in the forenoon or to elapse before sunset in the after- 
noon), subtract the latter from the former and with the Rsine of 
the remainder proceed as before (i.e., multiply ^that by the day- 
radius and divide by the radius); then subtract the resulting 



1 This rule occurs also in BrSpSi, iii. 27(i); SiDVr, /, iii. 27; SiSe, 
iv. 37. 
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Rsine from the earthsine and then performing the usual process 
(i.e., multiplying that by the Rsine of the colatitude and 
dividing the product by the radius) determine the Rsine of the 
(Sun's) altitude. 1 

The case contemplated here arises when the Sun lies between the 
equatorial and local horizons, i.e., shortly after sunrise or before sunset. 

A rule for finding the Sun's altitude in the night: 

26. In the night, the Rsine of the Sun's altitude is to be 
obtained by applying the operations (of addition and subtraction) 
inversely, because the (laws of) addition and subtraction (of the 
Sun's ascensional* difference and earthsine) in the night are 
contrary to those in the day. 2 

The Rsine of the Sun's altitude in the night is required (i) in the 
calculation of the elevation of lunar horns, 3 and (ii) in the calculation of 
the solar eclipse. 4 

The details of the method indicated in the above stanza have been 
explained by Paramesvara as follows: 

"(When the Sun is) in the northern hemisphere, having calculated 
the Rsine of the given nocturnal asus (i.e., those elapsed since sunset in 
the first half of the night or those to elapse before sunrise in the second 
half of the night) as increased by the (Sun's) ascensional difference, (then) 
multiplying (that) by the day-radius and dividing by the radius, 
(then) from the (resulting) quotient subtracting the earthsine, and 
(finally) multiplying the remainder by the Rsine of the colatitude and 
dividing by the radius is obtained the Rsine of the Sun's altitude. (When 
the Sun is) in the southern hemisphere, the (Sun's) ascensional difference 
and the earthsine are (respectively) subtractive and additive: this is the 
difference." 5 

1 This rule is found also in BrSpSi. hi, 33; LBh, iii. 11; SiDVr, I, 
iii. 29; SiSe, iv. 41. 

2 This rule is found also in BrSpSi, iii. 63: LBh, iii. 11; SiSe, iv. 89. 

3 See BrSpSi, iii. 63. 

4 See Paramesvara's comm. on LBh, iii. 11. 

5 Paramesvara's comm. on LBh. iii. 1 1 . 
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The Sun's altitude for the night has been called patala-sahku by 
Brahmagupta. 1 

Three rules for finding the time elapsed since sunrise in the 
forenoon or to elapse before sunset in the afternoon when the 
Sun has a given altitude : 

27-29. Multiply the Rsine of the Sun's altitude derived 
from the given shadow (of the gnomon) by the radius and 
divide (the product) by (the Rsine of) the colatitude. Then 
subtract the minutes of the earthsine from or add them to the 
resulting quantity according, as the Sun is in the six signs 
beginning with Aries or in the southern hemisphere. Multiply 
the resulting quantity by the radius and divide (the product) 
by the day-radius. To the corresponding arc apply the 
ascensional difference contrarily to the above: thus is obtained 
the number of asus (elapsed since sunrise in the forenoon or to 
elapse before sunset in the afternoon). These very same asus 
corresponding to the day to elapse (before sunset in the afternoon) 
or the day elapsed (since sunrise in the forenoon),, when divided 
by 360, are declared to be the nacfls, etc., (of the required time). 2 

Or, multiply the given Rsine of the Sun's altitude by the 
square oPthe radius and divide by the product of the day-radius 
and (the Rsine of ) the colatitude. To the result apply the 
Rsine of the (Sun's) ascensional difference as before (i.e., sub- 
tract or add according as the Sun is in the northern or southern 
hemisphere). Then to the corresponding arc reversely apply 
the asus of the ascensional difference: the result obtained is 
again the number of asus (elapsed since sunrise in the forenoon 
or to elapse before sunset in the afternoon.) 

Or, multiply the Rsine of the Sun's altitude by the 
hypotenuse of the equinoctial midday shadow and again by the 



1 See BrSpSi, xv. 9. 

2 This rule is found also in LBh, iii. 12-15 and in Si&e, iv. 51-52, 
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radius and then divide (the resulting product) by the day- 
radius as multiplied by (the length of) the gnomon. From that 
the process for the determination of the (desired time in) riadis 
is the same as before. 

The first rule is the converse of the rule given in stanzas 18-20; the 
second rule is the converse of that given in stanza 23; and the third rule is 
the converse of that stated in stanza 24. 

A rule for finding the longitude of the rising point of the 
ecliptic with the help of (i) the instantaneous say ana longitude 
of the Sun and (ii) the civil time measured since sunrise, or 
with the help of (i) the Sun's sayana longitude at sunrise and 
(ii) the sidereal time elapsed since sunrise : 

30-32. Multiply by the untra versed portion of (the sign 
occupied by) the Sun, the asus of the oblique ascension (Le., 
the time, in asus, of rising at the local place) of that sign and 
divide (that product) by the number of degrees or minutes in 
a sign (i.e., by 30 or 1800) (according as the untra versed portion 
of the Sun's sign is taken in degrees or minutes). Thus are 
obtained the asus of the oblique ascension of the untraversed 
portion of the sign occupied by the Sun. Subtract these from 
the given (time as reduced to) asus ; and add the untraversed 
portion of the Sun's sine to the Sun's longitude (which is given). 
Then from the remaining asus subtract the asus of the oblique 
ascension of as many (succeeding) signs as possible; and add the 
same number of signs to the Sun's longitude. Then multiply the 
outstanding residue of the given (time in) asus by 30 and 
divide (the product) by the asus of the oblique ascension of the 
next sign. Add the resulting degrees, etc., to the Sun's longitude 
(obtained above). The resulting longitude is stated to be the 
{sayana) longitude of the rising point of the ecliptic. 1 

1 This rule in found also in SuSi, iii. 46-48; BrSpSi, iii. 18-20; LBh, 
hi. 17-19; &iDVzJ, iii. 11-12; S&e, iv. 18-19(i); SiSi, I, iii. 2-4. The 
rising point of the ecliptic is that point of the ecliptic which lies on the 
eastern horizon. 
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It may be pointed out that the civil time elapsed since sunrise 
is equal to the sidereal time measured by the arc of the celestial equator 
lying between the hour circles which pass through the instantaneous 
position of the Sun and through the rising point of the ecliptic. 

For greater accuracy in the result, Aryabhata II (c. 950 A. D.) and 
Bhaskara II (1150 A. D.) prescribed the use of oblique ascensions of 
every 10 degrees of the ecliptic in place of those for every 30 degrees. 
Later on Mumsvara (1646 A.D.) and Kamalakara (1658 A. D.) prescribed 
the use of oblique ascensions of every degree of the ecliptic. Theoreti- 
cally accurate method for getting the longitude of the rising point 
of the ecliptic was given earlier by the Kerala mathematician Nilakantha 
(1 500 A. D.). 1 

A rule for the determination of the longitude of the setting 
point of the ecliptic : 

33. The longitude of the horizon-ecliptic point in the 
east 2 increased by half a circle (i.e., by 180°) is the longitude of 
the setting point of the ecliptic 3 . For, the time of setting 
of a sign is equal to the time taken in rising by the then 
rising sign. 4 

Bhaskara II also says: 

"The time in which a sign rises (above the horizon), is the same 
as that in which the seventh sign sets (below the horizon)." 5 

A rule for obtaining the civil time measured since sunrise 
with the help of (i) the Sun's instantaneous sayana longitude 
and (ii) the sayana longitude of the rising point of the ecliptic, 
or the sidereal time elapsed since sunrise with the help of (i) the 
Sun's sayana longitude at sunrise and (ii) the sayana longitude 
of the rising point of the ecliptic: 

34-36. Multiply the degrees of the traversed portion of 
the sign occupied by the rising point of the ecliptic by the 

1 His method occurs in TS, iii. 1 55(h)- 164(i). 

2 i. e., the rising point of the ecliptic. 

3 The setting point of the ecliptic is that point of the eclipti 
which lies on the western horizon. 

4 Cf. SiDVr,, I, hi. 13(i); Si&i, I, ii. 59(h). 

5 SiSi, I, ii. 59 (ii). 
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oblique ascension of that sign and divide by 30, the resulting 
asus denote the asus of the oblique ascension of the traversed 
portion of the sign occupied by the rising point of the ecliptic. 
(Also subtract the traversed portion of the sign occupied by 
the rising point of the ecliptic from the longitude of the same 
point). Then from the resulting longitude subtract as many 
preceding signs as there are up to the Sun; and find out the 
asus of the oblique ascensions of those signs. These asus 
together with those (obtained above) when added with the 
asus of the oblique ascension of the untraversed portion of the 
Sun's sign give the asus (elapsed since sunrise) in the day and 
(enable us to know) the asus (elapsed since sunset) in the night. 
Dividing them by 6 and then by 60 are obtained the ghatis, 
vighatis, and asus (of the time elapsed during the day or 
night). 1 

This rule is the converse of that given in stanzas 30-32. It actually 
gives the method for finding the time elapsed since sunrise. When, 
therefore, the Sun's longitude is given for sometime in the night and it 
is required to find the time elapsed since sunset, then the time elapsed since 
sunrise obtained according to the above rule should be diminished by the 
length of that day, or, as says the commentator Paramesvara, the given 
longitude of the Sun should be increased by six signs and then should be 
applied the above rule. 

In case the given quantities be (i) the longitude of the rising point 
of the ecliptic and (ii) the Sun's longitude at sunrise and the problem 
be to find out the civil time elapsed since sunrise, the above rule should 
be applied by treating the Sun's longitude for sunrise as the first approxi- 



1 This rule is found also in SuS7, iii. 50-51; BrSpSi, iii. 21-23; LBh, 
iii. 20; SiDVr, I, iii. 13; SiSe, iv. 19(ii)-22(i); SiSi, I, iii. 5-7(i). The ghatis, 
vighatis, and asus are related by the following relations : 

1 asu = 4 seconds, 
6 asus = 1 vighati (=24 seconds), 
60 vighatis = 1 ghati (=24 minutes). 
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mation to the instantaneous longitude of the Sun. The process should 
then be repeated over and over again with the help of the successive 
approximations to the Sun's instantaneous longitude calculated after each 
round of the operation. The process should be continued until two 
successive approximations to the required time agree to asus. 1 

It must be noted that the longitudes used in this and the preceding 
rule (stated in stanzas 30-32) are all sayana. 

A rule for the determination of the Bsines of the Sun's 
prime vertical altitude and zenith distance : 

37-38. Multiply the Rsine of the (Sun's) greatest decli- 
nation by the Rsine of the Sun's true {sayana) longitude; then 
divide (the product) by the Rsine of the colatitude : the result 
is (the Rsine of) the agra of the true Sun. 2 When that {agra) 
is less than the latitude and when the Sun is also in the 
northern hemisphere, multiply (the Rsine of the Sun's agra) 
by (the Rsine of) the colatitude and then divide (the product) 
by the Rsine of the latitude : the result is the Rsine of the Sun's 
prime vertical altitude. 3 The square root of the difference 
between the squares of that and the radius is the Rsine of the 
Sun's (prime vertical) zenith distance.* 

The Sun's agra is the amplitude of the Sun at rising or setting. It 
is defined to be the arc of the celestial horizon lying between the east-west 
and rising-setting lines. That is to say, it is the arc of the celestial 
horizon lying between the east point and the point where the Sun rises 
or between the west point and the point where the Sun sets. 

The Rsine of the Sun's agra is equal to the distance between the 
east-west and rising-setting lines. 

In Fig. 8, let S be the Sun on the prime vertical, SA and SB the 
perpendiculars from S on the east-west and rising-setting lines 



i Cf. BrSpSi, iii. 21-23; Sip, 1, iii. 6(ii). 
8 This rule occurs also in A, iv } 30; LBh, iii. 21; SiSe, iv. 58. 
8 This rule occurs also in A, iv. 31; BrSpSi, iii. 52; LBh, m. 52. 
* Cf. LBh, iii. 22, 
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respectively, and C the point where SB meets the line joining the points 
of intersection of the Sun's diurnal circle and the six o'clock circle. 
Naturally, SB is perpendicular to that line. 

In the triangle ACB, we have 



AC - Rsin 8, 
AB = Rsin (Sun's agio), 
Z,ABC = 90°-<£, 
and Z^ACB = 90°, 

where 8 is the declination of the Sun, and 
$ the latitude of the place. 




Therefore 



Fig. 8 



Rsin (Sun's agra) — 



Rsin S x R 



Rcos 

But (vide stanza 6 above) 

Rsin XX 1397 



Rsin 8 = 



R 



Therefore 



Rsin (Sun's agra) = 



Rsin X x 1397 
Rcos <}> 



0) 



where A is the Sun's sayana longitude. 



Now in the triangle SAB, right-angled at A, we have 

SA = Rsin a, 

AB = Rsin (Sun's agra), 
and z^SBA = 90° — <£. 
Therefore 

Rsin a = Rsin (Sun's agra) x Rcos 4> q) 
Rsin <fi 

where a is the Sun's altitude. 

The necessary conditions for the existence of the prime vertical 
altitude of the Sun are : (i) that the Sun should be in the northern hemi- 
sphere, and (ii) that the Sun's declination should be less than the latitude 
of the place. The condition laid down in the above rule that the Sun's 
agra should be less than the latitude is incorrect. This error is, in fact, 
due to Aryabhata I, 1 whom the author is following in this work, But the 



1 See A, iv. 30-31. 
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author seems to be unaware of the error. For, in his later work, the 
Laghu-Bhaskariya 1 , he has rectified the error and has stated the condition 
correctly. 

The above error of Aryabhata I was noticed and criticised by 
Brahmagupta. 8 The commentators of Aryabhata I, however, have inter- 
preted the above rule as conveying the correct meaning. 

A rule for the determination of the time in asus to 
elapse before or elapsed since midday when the Sun is on the 
prime vertical, i.e., the time taken by the Sun in going from 
the prime vertical to the local meridian or vice versa : 

39. Multiply the Rsine of the Sun's longitude (when 
the Sun is on the prime vertical) by the Rsine of the (Sun's) 
greatest declination and divide (the product) by the day-radius: 
by the result thus obtained multiply the Rsine of the colatitude 
and (then) divide by the Rsine of the latitude. Subtract the 
square of the resulting quantity from the square of the radius: 
the arc corresponding to the square root of that gives the asus 
(measured on the equator from the Sun's hour circle) up to the 
meridian. 

Let m denote the minutes in the arc of the Sun's diurnal circle 
intercepted between the Sun and the six o'clock circle, and r (= Rcos 8) the 
radius of the Sun's diurnal circle. Then in Fig. 8, SC = rsin m; so that 
from the triangle SCA, right-angled at C, we have 

JSC = Rsin Z^SAC 
CA Rsin^CSA 

Rsin S X Rcos <f> 
or, rsm m — - , — 

Rsin <£ 

= RsinX x Rsin £ . Rcos ? (using stanza 6) 
R Rsin 4> 

where X, S denote the Sun's sayana longitude and declination respectively, 
and denotes the latitude of the place; £ is the Sun's greatest declination. 



1 iii. 22. 

2 See BrSpSi, xi. 22. 
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Therefore, the Rsine of the corresponding arc of the equator, i. e., 
Rsinm = RsinX xRsinG x Rcos 4> ? 

r Rsin <j> 

Rsin X x Rsin £ Rcos 

— — — — — — ^— — v » 

day-radius Rsin </> 

so that 

Rsin (90° — »i)=VR 2 - (Rsin m) 2 . 

Therefore, 

5400' — m = Rsin" 1 [Rsin (90° — iw)], 
which gives the required time in asm, because 5400' — m is the number of 
minutes in the arc of the equator lying between the Sun's hour circle and 
the local meridian. 

An alternative rule: 

40. Or, multiply the Esine of the Sun's prime vertical 
zenith distance by the radius and divide by the day-radius. 
Then applying the method of finding out the arc (correspond, 
ing to a given Esine), convert the resulting Rsine into (the 
corresponding) arc. Then reduce the asm (thus obtained) to 
nadis, etc. These lie between the (prime vertical) Sun and the 
meridian. 

In Fig. 9, let S be the Sun on the prime vertical, B the centre of the 
Sun's diurnal circle, and A the point where the plane of the Sun's diurnal 
circle intersects the zenith-nadir line. Then in the plane triangle SAB, 
we have 

SA = Rsin z, A 

SB = day-radius, 

Z-SAB = 90°, 

and Z^SBA = the angle between the Sun's 

hour circle and the local meridian, 

z being the Sun's zenith distance 

Fig. 9 

= arc of the equator intervening between the Sun's hour circle 
the local meridian. 




Therefore, we have 
Rsin^SBA= 



Rsin z x R 
day-radius 
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A rule for finding the Sun's longitude when the Sun is on 
the prime vertical: 

41 . Multiply the Rsine of the latitude by the Rsine of 
the prime vertical altitude derived from the shadow (of the 
gnomon) and always divide the product by the Rsine of the 
Sun's greatest decimation; (then reduce the resulting Rsine to the 
corresponding arc). The arc thus obtained, or (the complement of) 
that arc increased by three signs is the longitude of the (prime 
vertical) Sun (according as the Sun is in the first or the second 
quadrant). This is in accordance with what (Arya)bhata has 
written. 1 

That is to say, if X and a be respectively the sayana longitude and 

altitude of the Sun when it is on the prime vertical, and the latitude 

of the place, then 

r, • ., Rsin a X Rsin 

Rsin X = — , 

Rsin £ 

where (? is the Sun's greatest declination. 

The rationale of this rule is as follows : Referring to Fig. 8, we see 
that in the triangle SAC 

SA = Rsin a, 
AC = Rsin S, 
Z.ACS = 90°, 
and Z^ASC = <£. 
Therefore 

„ . * Rsin a X Rsin , n 

Rsin 8 = (1) 

R 

Also from stanza 6, we have 

-a . , Rsin S X R n \ 
Rsin X = , (2.) 

Rsin £ 

Hence, eliminating Rsin S between (1) and (2), we get 
Rsin a x Rsin </> 



Rsin X = 



Rsin £ 



The next eleven stanzas relate to the determination of the locus of 
the end of the shadow of the gnomon. 



1 Cf. LBh, iii. 24-25. 
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To determine at any given time three points lying on the locus 
of the shadow-end : 

42-45. Determine the agra and iankvagra of the Sun and 
also the shadow (of the gnomon) for the desired time. Then take 
the sum of the two agras (i.e., of agra and Sankvagra) provided 
that they are of like direction 1 ; in the contrary case, take 
their difference. (This sum or difference is called the bhuja and 
its direction corresponds to that of the Sun from the prime verti- 
cal.) By that (sum or difference) multiply the shadow and divide 
(the product) by the Rsine of the Sun's zenith distance (for that 
time). Whatever is thus obtained should be laid off from the 
centre in the contrary direction (i.e., contrary to the. direction 
of the Sun from the prime vertical) within a circle (drawn on 
level ground and) marked with the directions. Through the 
fish-figure drawn about the point thus obtained stretch out a 
thread in the east and west directions (bothways) to a distance. 
Then take a thread equal in length to the shadow (of the 
gnomon) and lay it off from the centre obliquely (to meet the 
other thread). Mark the two points where the end of this- 
thread meets (the other thread stretched out) in the east and 
west directions. At the end of the midday shadow take a 
third point. 

The sum or difference of the agra and sahkvagra* of the Sun denotes 
the distance of the Sun's projection on the plane of the horizon from 
the east- west line. Tnis is called the bhuja and its direction is the 
same as that of the Sun from the prime vertical. This multiplied by the 
length of the shadow of the gnomon and divided by the Rsine of the Sun's 
zenith distance gives the distance of the end of the shadow of the gnomon 
from the east-west line. Suppose, for example, that the sun is towards 
the south of the prime vertical, and that the end of the shadow of the 
gnomon is at a distance d from the east-west line. 

Let the circle in Fig. 10 be the one constructed on level ground with 

1 The agra" is north or south according as it is towards the north 
or south of the east-west line; the kahkwgra is always south. 

8 For agra see supra stanzas 37-38, and for sahkvagra see infra stanza 54 f 
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the foot of the gnomon as centre and any arbitrary radius. Let EW and 
NS be the east-west and north-south lines 
respectively. Then the construction 
stated in the text is as follows : From O, 
along ON, measure a distance d and 
mark there a point, say X. Through X 
stretch a thread (or draw a line) parallel 
toEW. Let this be LM. Now from 
centre O and radius equal to the shadow 
of the gnomon draw an arc of a circle 
cutting LM at the points A and B. 
Then OA and OB are the positions of ^ 
the threads, equal in length to the 
shadow of the gnomon, laid off obli- x §- 
quely from the centre. The two points thus obtained are A and B. If 
OC be the midday shadow of the gnomon, then the thirdp oint is C. 
The three points thus determined are A, B, and C. 
A rule for determining the same three points when the directions 

are not known: 

46-51. For one who does not know the directions with 
regard to the centre but wants to determine the directions and 
the locus of (the end of) the shadow (of the gnomon), I state 
the method such that (the end of) the shadow (cf the gnomon) 
may not leave the periphery of the large circle distinctly drawn 
amidst the directions (representing the path of the shadow-end). 

Calculate the Rsine of the Sun's zenith distance, the 
Rsine of the Sun's altitude, and the Mnhvagra corresponding 
to the desired shadow; then take the difference or sum of the two 
agras (i.e., of the tankvagra and the agra) (according as they 
are of unlike or like directions). This (difference or sum) is the 
base, the Rsine of the Sun's zenith distance is the hypotenuse, 
and the square root of the difference between their squares is 
called the upright corresponding to the hypotenuse equal to the 
Rsine of the Sun's zenith distance. On multiplying these, 
upright and base, (severally) by the (length of the) shadow and 
dividing by the Rsine of the Sun's zenith distance are obtained 
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the values of the upright and the base (corresponding to the 
hypotenuse equal to the shadow of the gnomon). Now take 
straight bamboo scales of breadth equal to the diameter of the 
gnomon and of lengths equal to the base and the upright (obtain- 
ed above) (and one equal to the shadow); and with t^eir help 
construct an accurate framework instrument in the form of a 
rectangle or a (right-angled) triangle having the shadow (of the 
gnomon) for the hypotenuse. At the corner (where the base 
and the hypotenuse meet) fix a gnomon. Then put the instru- 
ment (on level ground) and rotate it (about the gnomon) until 
the shadow (of the gnomon) falls along the hypotenuse. Then 
having determined the directions (north and south, east and 
west) as indicated by the base and the upright, mark two points 
at the end of the shadow-hypotenuse (one towards the east and 
the other towards the west). At the end of the midday shadow, 
take the third point. 

The above stanzas give the method for finding the points A, B, and 
C (see Fig. 10), when the lines EW and NS are not known. The method 
is as follows : 

Construct a triangular frame of bamboo scales having its sides 
equal to those of the triangle AXO or a rectangular frame having its 
sides equal to those of the rectangle OXAY, and let a gnomon (having 
its diameter equal to the breadth of the bamboo scales) be fitted at 
O vertically to the frame. 

Place the frame on level ground with the point O at the centre of 
a circle drawn on the ground and with the hypotenuse OA in coincidence 
with the shadow of the gnomon. Then OX is directed south to north 
and AX west to east. Draw the lines OX and AX on the ground and 
produce them bothways. With centre O and radius equal to OA, the 
shadow of the gnomon, draw an arc of a circle cutting the line AX at 
two points. These are the points A and B. The point C is obtained as 
before. 

Construction of the locus of the end of the shadow of a gnomon: 
52. Through all the three points (thus obtained) a circle is 
(then) drawn with the help of two fish-figures. The shadow (of the 
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gnomori) moves, like a spell-bound serpent, with its head (i.e., 
end) kept upon the periphery of that circle. 1 
Lalla says : 

"With the point of intersection of the head-tail lines (of the two 
fish-figures) as centre, draw a circle passing through the ends of the three 
shadows. (The end of ) the shadow (of the gnomon) does not leave the 
periphery of that circle in the same way as a lady born in a noble family 
does not leave the traditions of her family." 2 

Sripati (c. 1039 A. D.) writes : 

"The (end of the) shadow of the gnomon erected at the centre of the 
circle does not leave the periphery of the circle drawn with the common 
point of the head and tail lines (of the two fish-figures) and passing through 
the three shadow-ends in the same way as a noble-minded person does not 
leave the path of righteousness." 3 

The above rule was later criticised by Bhaskara II (1150 A. D.), who 
made the following remark : 

"It is declared (by some astronomers) that the shadow of the 
gnomon moves on the circle passing through the ends of the three shadows 
made by the same gnomon (placed in the centre of the horizon), but this 
is wrong, and consequently the east-west and north-south lines, the latitude, 
etc., found by the aid of the circle just mentioned are also wrong". 4 

Bhaskara II's criticism is proper. The locus of the end of the 
shadow of a gnomon will not be a circle as stated in the text unless the 
latitude of the place is 90°. The locus will be, in general, a conic section. 
For places whose latitudes are less than £ (g being the obliquity of the 
ecliptic), in particular, this locus will be a hyperbola. 

Alternative rules for finding the Sun's agra and the latitude of 
the place: 

53. The squareroot of the sum of the squares of the 

~~ ^ThlTrule occurs also in BrSpSi, iii. 2-3; SiDVr, I, iii. 3; Si&e t iv. 5; 
TS, iii. 42(ii)-47. 

2 &DVr, /, iii. 3. 

3 SiSe, iv. 5. _ _ 

* L Wilkinson Translation of the Siddhanta-siromani (Goladhyaya, 
xi. 38(H), Calcutta (1861), p.221. We have replaced the word "revolves" 

by "moves". 
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Rsine of the (Sun's) declination and the earthsine for the desired 
time is (the Rsine of) the Sun's agra (for that time). 

The earthsine multiplied by the radius and divided by (the 
Rsine of) the Sun's agra is the Rsine of the latitude. 

That is 

Rsin (Sun's agra) = s/ ( Rsin S ) 3 + ( earthsine ) 2 , (1) 
and Rsin 4 = earthsine x R 
Rsin (Sun 's agra) 
where S is the Sun's declination and <j> the latitude of the place. 

These results easily follow from the triangle ACB in Fig. 8 . 
A rule for the determination of the Sankvagra : 

54. The Rsine of the altitude for the desired time multi- 
plied by the Rsine of the latitude and divided by (the Rsine of) 
the colatitude is the sanhvagra, which is always south (of the 
rising-setting line). 1 

The sahkvagra (of a heavenly body) is the distance of the projection 
of the heavenly body on the plane of the horizon from its rising- 
setting line. In Fig. 8, the line AB denotes the Sun's sahkvagra. The 
sahkvagra is measured from the rising-setting line and is always to the 
south of that line. It is more commonly known a sahkutala. 

In Fig. 8, we have 

SA — Rsin a, 
AB = sahkvagra, 
L SAB - 90°, 
and SBA = 90° - 4,, 
where a denotes the altitude, and <j> the latitude of the place. Therefore 
from the triangle SAB, we have 

sahkvagra Rsin <f> 
Rsin a Rcos <j> ' 
which gives the formula stated in the text. 

A rule for finding the equinoctial midday shadow: 

55. Multiply the sanhvagra by 12 and divide by the 
Rsine of the altitude: the result is (the length of) the equinoctial 



1 This rule occurs also in A, iv. 29 and in LBh, iii. 16. 
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(midday) shadow (of the gnomon). The details are being 
stated below. 

We have proved above (stanza 54) that 
sahkvagra Rsin <ft 
Rsin a Rcos 

Also, from stanza 5 above, we have 

Rsin <f> _ equinoctial midday shadow 
Rcos 4> 12 



Therefore 



■ jj i. a sahkvagra X 12 
equinoctial midday shadow = ° 



Method of finding the Sun's a#ra by observation and 
deriving therefrom the mnkvagra and then the equinoctial 
midday shadow of the gnomon and the latitude or colatitude of 
the place: 

56-60(i). One should erect a (circular) platform, as 
high as one's neck, with its floor in the same level, and its 
circumference graduated with the divisions of signs, degrees, 
etc., and bearing the marks of the directions. (Then standing) 
on the western side thereof, one, having undisturbed state of 
mind, should, with the line of sight passing through the centre 
of the circular base, make the observation of the Sun when (at 
sunrise) it appears clinging to the circumference, (and mark 
there a point). The (arcual) distance, measured along the 
circumference graduated with the marks of degrees, between 
the end of the line drawn eastwards (i.e., the east point) and 
the point where the Sun is observed is the arc of the Sun's 
agra. The Rsine of that (arc) is (the Rsine of) the Sun's agra. 
The minutes of the difference between that (Rsine of the Sun'a 
agra) and the Rsine of the Sun' meridian zenith distance are the 
minutes of the sanhvagra, provided that the Sun is in the 
southern hemisphere; when the Sun is in the northern hemi- 
phere (and the shadow of the gnomon falls towards the north), 
the process is otherwise (i.e., the addition of the two). When, 
however, (the Sun being in the northern hemisphere) the 
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shadow (of the gnomon) due to the Sun falls towards the south, 
the Sun's agra minus the Rsine of the Sun's meridian zenith 
distance is stated to be (the value of) the sankvagra. From that 
(iankvagra) determine the true value of the equinoctial midday- 
shadow (of the gnomon), 1 and then calculate as before the lati- 
tude and colatitude (for the place). 

A rule for finding the longitude of an unknown planet 
with the help of (i) the longitude of a known planet and (ii) the 
difference between the times of rising or setting of the known 
and unknown planets: 

60(ii)-61. Having correctly ascertained in terms of 
nadikas (i.e., ghatis) the difference between (the times of rising 
or setting or culmination of) the planets to be known and 
known, multiply those ghatis by six. Thus are obtained the 
degrees (of the difference between the longitudes of the two 
planets). By those degrees diminish or increase the longitude 
of the known planet according as it is to the east or west of the 
planet to be known. This is stated by the learned people well 
versed in planetary motions (to be the method for getting the 
the longitude of the planet to be known). 

This rule is approximate, as the inclinations of the orbits of the two 
planets to the ecliptic have been neglected and the ecliptic has been suppos- 
ed to rise above the horizon uniformly at the rate of six degrees per 
ghati (i.e., 15 dfegrees per hour). 

(2) JUNCTION-STARS OF THE ZODIACAL ASTERISMS AND 
CONJUNCTION OF PLANETS WITH THEM. 

Longitudes of the prominent stars of the naksatras: 

62. In this way from (the known longitudes of) the 
planets or stars have been determined, at all places and at 
all times, the celestial longitudes of the (prominent) stars of the 
naksatras. 

The naksatras are the twenty-seven zodiacal asterisms. In the 
following table we give a few details regarding these naksatras, 

1 Vide supra stanza 55. 
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Names, Shapes, and Number of the Stars of the Naksatras 







Number of stars 
as given by 




Name 


Shape 1 


Varaha- 
mihira 3 


Brahma- 
gupta 8 


Lalla* 


ItiCIl 1111 wa tlvlli 


Asvini 


Head of a 
horse 


3 


2 


3 


t*l ft V Ariptis 


Bharani 


lonr 


3 


3 


3 


35 39 41 Arietis 


Krttika 


Razor 


6 


6 


6 


vi Tanri etc fPleiades^ 


Rohini 


Cart 


5 


' 5 


5 


ci A y S P, Tauri 
(Hyades) 


Mrgasira 


Head of a 
deer 


3 


3 


3 


X, </> 1? <£ 2 Orionis 


Ardra 


Jewel 


1 


1 


1 


o( Orionis 


Punarvasu 


House 


5 


2 


4 


p, o( i, », f 1 Geminorum 


Pusya 


Arrow-head 


3 


1 


3 


0, 8, y Cancri 


Aslesa 


Yvneei 


6 


6 


5 


£, 8, cr, tj, P Hydrae 


Magha 


House 


5 


6 


5 


o(, n> £, G Leonis 


Purva 
Phalguni 


Mancd 1 


8 


2 


2 


g, Leonis 


Uttara 
Phalguni 


Cot 


2 


2 


2 


P, 93 Leonis 


Hasta 


Hand 


5 


5 


5 


8, y, G OC, p Corvi 
(Corvus) 



1 MuCi, ii. 59-60. 

a BrSam, xcvii. 1-2. 

8 JOT (Sengupta's edition), x. 1-2. 

* Ratna-Kosa. 

6 E. Burgess, Translation of the Surya-SiddKanta, Calcutta (1935), p. 378, 

6 i.e., the femal organ of generation. 

7 Af«/ica means an elevated platform resting on columns. 
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Number of stars 
as given by 




Name 1 


Shape 


Varaha- 
mihira 

! 


r 

a & 

P 1 

* Sv 

M SO 

m 


| Lalla 


Identification 


Citra 


Pearl 


1 


1 


1 


o( Virginis (Spica) 


Svati 


Coral 
bead 


i 

l 


1 


i 

1 


0( Bootis (Arcturus) 


Visakha 


An arched 
doorway 




2 


4 


i, y, p, c* Librae 


Anuradha I 


Heaps of 
offering to 
gods 


A 

4 


4 


*t - 


S, p, tf Scorpionis 


Jyestha 


Ear- 
pendant 


j 


3 


a 


d, or, * Scorpionis 


Mula 


Tail of 
a lion 


11 


2 


11 


X, v, *, 0, 1Q, £> 1*. 6 

Scorpionis 


Furva- 
sadha 


Tusk of an 
elephant 


2 


4 


2 


S, G Sagittarii 


Uttara- 
sadha 


Mdhca 


3 


4 


2 


<7, £ Sagittarii 


Sravana 


Three feet 


3 


3 


3 


o(, p, y Aquilae 


Dhanistha 


Drum 


5 


5 


4 


p, CSl, 7, S Delphini 


Satabhisak 


Circle 


100 


1 


100 


X Aquarii, etc. 


Purva- 
Bhadrapada 


I Mdhca 


2 


2 


2 


d, p Pegasi 


Uttara- 
Bhadrapada 


Pair 


8 


2 


2 


y Pegasi, o( Andromedae 


Revati 


1 Drum 


32 


1 


32 


£ Piscium, etc. 
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Positions of the junction-stars of the asterisms (nakWtras) 
in the twelve signs, Aries, etc: 

63-66(i). In Aries, eight, twenty-seven; in Taurus, six, 
nineteen; in Gemini, two, ten; in the next sign (i.e., Cancer), 
two, fifteen, twenty-four; in Leo, eight and a half, twenty-one; 
in Virgo, four, twenty -three: in Libra, five, seventeen; in the 
next sign (i.e., Scorpio), two, twelve, eighteen; in Sagittarius, 
one, fourteen, twenty-seven; in Capricorn, fifteen, twenty -six; 
in Aquarius, seven, twenty -eight ; in the last sign (i.e., Pisces), 
fifteen, thirty— these are the degrees of the positions (with 
reference to the signs) of the junction-stars of the naks.atras 
beginning with Asvinl. 

The prominent stars of the naksatras which were used in the study of 
the conjunction of the planets, especially the Moon, with them are called 
junction-stars (yoga-tara). 1 The study of the conjunction of the planets 
"with the junction-stars was originally meant to verify the computed 
longitudes of the planets with a view to test the accuracy of and to make 
improvements, if necessary, in the astronomical theories on which those 
computations were based. 

The longitudes of the junction-stars which have been enumerated, in 
the text are, in some cases, slightly at variance with those given by the 
author in his subsequent smaller work, the Laghu-Bhaskariya. The 
differences are exhibited by the following table: 



1 "Of the stars in each naksatra, those that are seen to be the 
brightest are the junction-stars." KK (Sengupta's edition), x. 3(i). The 
author of the Surya-siddhanta gives the relative position of the junction- 
star in each naksatra, which facilitates their identification. See SuSi, 

viii. 16-21. 
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Differences between the Longitudes of the Junction-Stars in the Two Works 

of Bhaskara I 





Longitude given in 




Junction-star of 


Maha-Bhaskariya i 


Laghu-Bhaskariya 


Difference 


— . — . 

As vim 


8° 


■ 8° 




Bharani 


27° 


26° 30' 


— 30' 




I s 6° 


I s 6° 




Rohini 


I s 19° 


I s 20° 


+ 1* 


~KAtoci CI 1*51 
JVlLgaall «■ 


2 s 2° 


2 s 2° 






2 s 10° 


2 s 10° 




0111141*11'] Cll 

Jr unarvdsu 


3 s 2° 


3 s 2° 


• 


Pusya 


3 s 15° 


3 15° 




Aslesa 


3 s 24° 


3 s 24° 




Magna 


4 s 8° 30' 


4 s 8° 30' 




Purva Phlaguni 


4 s 21° 


4 s 21° 




Uttara Phalguni 


5 s 4° 


5 4° 




Hasta 


5 s 23° 


5 s 23° ' 




Citra 


6 s 5° 


6 s 5° 




Svati 


6 s 17° 


6 s 17° 




Visakha 


7 s 2° . 


7 s 2° 




Anuradha 


7 s 12° 


7 s 12° 




Jyestha 


7 s 18° 


7 s 18° 




Mula 


8 s 1° 


8 s 1° 30' 


> + 30' 


purvasadha 


8 s 14° 


8 s 14° 30' 


+ 30' 


Uttarasacjha 


g s 2? o 


8 s 26° 30' 


— 30' 
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Junction-star of 

- 


Longitude given in 


Difference 


Maha-Bhaskarlya 


Laghu-Bhaskariya 


Sravana 


9 s 15° 


9 s 14' 30' 


- 30' 


Dhanistha 


9 s 26° 


9 s 25° 30' 


— 30' 


Data DnlESaK 


10 s 7° 


10 s 7° 




Purva-Bhadrapada 


10 s 28° 


10 s 28° 




Uttara-Bhadrapada 


11 s 15° 


11 s 15° 




Revati 


12 s 


12 s 





The following table gives the longitudes of the junction-stars of the 

naksatras as stated in the Maha-Bhaskar'iya, the Laghu-Bhaskariya, the 

&isya-dhi-vrddhida, the Surya-siddhanta, the Siddhanta-sekhara, and the 
Siddhanta-siromani : 

Longitudes of the Junction-Stars according to various Hindu Authorities 



Junction-star of 


Longitude according to 


(Polar) longitude 
according to 


MBh 


LBh 


kiDVr 


SuSi 


BrSpSi,KK, SiSe 
SiSi 


Asvini 


8° 


8° 


8° 


8° 


8° 


BharanI 


27° 


26°30' 


20° 


20° 


20° 


Krttika 


36° 


36° 


36° 


37°30' 


37°28' 


Rohini 


49° 


50° 


49° 


49°30' 


49°28' 


Mrgasira 


62° 


62° 


62° 


63° 


63° 


Ardra 


70° 


70° 


70° 


67°20' 


67° 


Punarvasu 


92° 


92° 


92° 


93° 


93° 
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Junction-star of 


Longitude according to 


(Polar) longitude 
according to 




MBh 




LBh 


!SiDV{ 


SuSi 


BrSpSi.SilSe, 
SiSi 


Pusya 


105° 


105° 


105° 


106° 


106° 


Aslesa 


114° 


114° 


114° 


109° 


108° 


Magna 


128°30' 


128°30' 


128° 


129° 


129° 


Purva Phalguni 


141° 


141° 


139°20' 


144° 


147° 


Uttara Phalguni 


154° 


154° 


154° 


155° 


155° 


Hasta 


173° 


173° 


173° 


170° 


170° 


Citra 


185° 


185° 


184°20' 


180° 


183° 


Svati 


197° 


197° 


197° 


199° 


199° 


Visakha 


212° 


212° 


212° 


213° 


212°5' 


Anuradha 


222° 


222° 


222° 


224° 


224°5' 


Jyestha 


228° 


228° 


228° 


229° 


229°5' 


Mula 


241° 


241°30' 


241° 


241° 


241° 


PurvISadha 




234 3U 


254 


AO 

254 


'If JO 

254 


UttaraSadha 


267° 


266°30' 


267°20' 


260° 


260* 


Havana 


285° 


284°30' 


283°10' 


280° 


278° 


Dhanistha 


296° 


2?5°3Q' 


29.6°20' 




290?, 


&atabhisak 


307° 


307° 


313?20' 


320° 


320° 


Purva-Bhadra- 
pada 


328° 


328° 


327° 


326° 


326° 


Uttara-Bhadra- 
pada 


345° 


345° 


335°20' 


337° 


337° : 


Revati 


360° 


360° 


359° 


359°50' | 
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The longitudes given in the Maha-Bhaskariya, the Laghu-Bhaskariya, 
and the Sisya-dhi-vrddhida are the usual celestial longitudes, whereas those 
given in the Surya-siddhanta, the Brahma-sphuta-siddhanta, the Siddhanta- 
sekhara and the Siddhanta-siromani are the polar longitudes. 1 This explains 
why there are significant differences between them, but, as should be 
expected, the celestial longitudes as also the polar longitudes exhibit 
general agreement amongst themselves. The minor differences that occur 
in a few cases are probably due to the errors of observation or to the 
different methods used. 

Celestial latitudes of the junction-stars, definition of the 
conjunction of a planet with a star, and a rule for determining 
the distance between a planet and a star when they are in 
conjunction: 

66(ii)-71(i). North, ten, twelve, five; south, five, ten, 
.eleven; north, six, zero; south, seven, zero; north, twelve, 
thirteen; south, seven, two; north, thirty-seven; south, one and 
a half, three, four, eight plus one-third, seven, seven plus one- 
third; north, thirty, thirty-six; south, eighteen minutes; north, 
twenty-four, twenty-six, zero — these have been stated by the 
learned to be the degrees of the celestial latitudes of the junction- 
stars of the naksatras beginning with Asvini. 

All planets having their longitudes equal to those of the 
junction-stars are seen in conjunction with them. 

The distance between a planet and a star (when they are 
in conjunction) is determined from their celestial latitudes. 2 

The celestial latitudes of the junction-stars stated above are exhibited 
in the following table. We ; also give the celestial latitudes stated in the 
other important works on Hindu astronomy. 



1 That is, the longitudes of those points where the secondaries to 
the equater passing through the junction-stars intersect the ecliptic. 



2 See MBh, vi. 54, 
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Celestial Latitudes of the Junction-Stars according to various 
Hindu Authorities 



Junction-star of 


Latitude given in 


(Polar) latitude given in 


MBh 


LBh 




SuSi 


Dropoi, 
KK, SiSe 


SilSi 


Asvini 


10° N 


10° N 


— : — 

10° N 


10° N 


10° N 


10° N 


Bharani 


12° N 


12° N 


12° N 


12° N 


12° N 


12° N 


Krttika 


5° N 


5° N 


5° N 


5° N 


4°31'N 


4°30' N 


Rohini 


5° S 


5° S 


5° S 


5° S 


4°33' S 


4°30' S 


Mrgasira 


10° S 


10° S 


10° s 


10° s 


10° S 


10° S 


Ardra 


11° S 


11° s 


ir s 


9° S 


11° S 


11° S 


Punarvasu 


6° N 


6° N 


6° N 


6° N 


6° N 


6° N 


Pusya 




















Aslesa 


7° S 


7° S 


7° S 


7° S 


7° S 


7° S 


Magna 




















Purva-Phalguni 


12° N 


12° N 


12° N 


12° N 


12° N 


12° N 


Uttara-Phalguni 


13° N 


13° N 


13° N 


13° N 


13° N 


13° N 


Hasta 


7° S 


7° S 


8° S 


11° S 


11° S 


11° S 


Citra 


2° S 


2° S 


2° S 


2° S 


1°45' S 


1°45' S 


Svati 


37° N 


37° N 


37° N 


37° N 


37° N 


37° N 


Visakha 


1°30' S 


1°30' S 


1°30' S 


1°30' S 


1°23' S 


1°20' S 


Anuradha 


3° S 


3° S 


■3° S 


3° S 


1°44' S 


1°45'S 


Jyestha 


4° S 


4° S 


4° S 


4° S 


3°30' S 


3°30' S 


Mula 


8°20' S 


8°30' S 


8°30' S 


9° S 


8°30' S 


8°30' S 


Purvasadha 


7° S 


7° S 


5°20' S 


5°30' S 


5°20' S 


5°20' S 


Uttarasadha 


7°20' S 


7° S 


5° S 


5° S 


5° S 


5° S 
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Latitude Given in 


(Polar) latitude give in 


Junction-star of 


MBh 


LBh 


f$iDVr 


SuSi 


BrSpSi,, 
KK, SiSe 


SiSi 


$ravatia 


30° N 


30° N 


30° N 


30° N 


30° N 


30° N 


DhaniBtha 


36° N 


36° N 


36° N 


36° N 


36° N 


36° N 


&atabhisak 


18' S 


18' S 


20' S 


30' S 


18' S 


20 S 


Purva-Bhadra- 
pada 


24° N 


24° N 


24° N 


24° N 


24° N 


24° N 


Uttara-Bhadra- 
pada 


26° N 


26° N 


26° N 


26° N 


26° N 


26° N 


Revati 





















Celestial latitudes of the Moon when she occults some of the 
prominent stars of the zodiac: 

71(ii)-75(i). It is stated that the Moon, moving towards 
the south of the ecliptic, obliterates (i.e., occults) the cart of 
Rohini (i. e., the constellation of Hyades), when her latitude 
amounts to 60 minutes; the junction-star (of Rohini) (i. e., 
Aldebaran), when her latitude amounts to 256 minutes; (the 
junction-star of) Citra (i.e., Spica), when her latitude amounts 
to 95 minutes; (the junction^star of) Jyestha (i.e., Antares), 
when her latitude amounts to 200 minutes; (the junction-star of) 
Anuradha 1 when her latitude amounts to 150 minutes; (the 
junction-star of) Satabhisak (i. e., X Aquarii), when her latitude 
amounts to 24 minutes; (the junction-star of) Visakha 2 , when 



1 According to H. T. Colebrooke and E. Burgess, it is 8 Scorpii. 
According to Bentley, it is p Scorpii. 

2 According to Colebrooke, it is 0( or k Librae; according to 
Whitney and Burgess, it is 24 Librae, 
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her latitude amounts to 88 minutes; and (the junction-star 
of) Revati (i.e., £ Piscium), when her latitude vanishes. 
When she moves towards the north ( of the ecliptic ) , she 
occults the naksatra Krttika (i.e., the Pleiades), when her 
latitude amounts to 160 minutes; and the central star of the 
naksatra Magha, when she assumes the greatest northern 
latitude. These minutes (of the Moon's latitude) which have 
been stated (here) in connection with the occultation of a star 
by the planet (Moon) are based on actual observation made by 
means of the instrument (called) Yasti. 1 



1 The occultations of the stars of the naksatras are stated also io 
SuSi, viii. 13; BrSpSi, x. 11-12; KK, x. 15-16; LBh, viii. 11-16; &iDV r , 
I, xi. 11; Si&e, xii. 8-9. 



CHAPTER IV 



TRUE LONGITUDE OF A PLANET 

Definition of the Sun's mean anomaly: 

1. Having applied the correction for the (local) longitude 
to the mean longitude of the Sun, subtract (therefrom) the 
longitude of the Sun's apogee (ucca): the remainder is the Sun's 
(mean) anomaly. In that (anomaly), three signs form a 
quadrant. 

That is to say, 

Sun's mean anomaly = (mean longitude of the Sun) — (longitude 
of the Sun's apogee). 

The Sun's apogee is the remotest point of the-Sun's apparent orbit. 

Beginning with the Sun's apogee, in Hindu astronomy, the kaksavrtta 
(deferent or concentric) for the Sun is divided into four equal parts called 
anomalistic quadrants (pada or pada) and twelve equal parts called ano- 
malistic signs (rasi). Thus there are three anomalistic signs in 
an anomalistic quadrant. The anomalistic signs are given the same names 
as the signs of the zodiac, viz., Aries {mesa). Taurus (vrsa), Gemini 
(mithuna), etc. When the mean anomaly of the Sun is between 0° and 
180°, the Sun is said to be in the six signs (or in the half-orbit) beginning 
with the anomalistic sign Aries; 2 and when the mean anomaly of the Sun 
is between 90° and 270°, the Sun is said to be in the six signs (or in the 
half-orbit) commencing with the anomalistic sign Cancer; and so on. The 
same is true also for the planets, Mars, etc. 

A rule relating to the Rsine of the Sun's mean anomaly: 

2. (Of the parts of the Sun's mean anomaly lying) in the 
odd quadrants, calculate the Rsine; and (of the parts lying) in 
the even quadrants, calculate the Rversed-sine. The method 

1 This rule occurs also in SuSi, ii. 29; BrSpSi, ii. 12(i); SiDVr, I, 
ii. 10; Si&e, iii. 12; SiSi, I, ii. 18-19(i). 

2 Or, that the mean anomaly is in the six signs (or in the half-orbit) 
beginning with the sign Aries. 
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for finding the Rsines (i.e., Rsines and Rversed-sines) is being 
told in detail (below). 

For example, if the Sun's mean anomaly is 140°, calculate the 
Rsine of 90° and the Rversed-sine of 50°; if the Sun's mean anomaly is 
240°, calculate the Rsine of 90°, the Rversed-sine of 90°, and the 
Rsine of 60°; and if the Sun's mean anomaly be 300°, calculate the Rsine 
of 90°, the Rversed-sine of 90°, again the Rsine of 90°, and the Rversed- 
sine of 30°. 

The above passage shows that in the time of Bhaskara I one of the 
methods used for finding the Rsine of an arc (>90°) was to apply the 
following formulae: 

Rsin (90°+ 0) = Rsin 90°— Rversin 0. 
Rsin (180°+ 0) = Rsin 90°— Rversin 90°— Rsin 
= — Rsin 0. 

Rsin (270°+ 0) = Rsin 90°— Rversin 90°— Rsin 90° 
+ Rversin 
= - Rsin 90° + Rversin 0, 

where <90°. 

A rule for finding the Rsine (or Rversed-sine) of an arc 
(<90°): 

3-4 (i). Reduce the arc to minutes and then divide by 
225: the quotient denotes the number of (tabulated) Rsine- 
differences (or Rversed-sine-difTerences) to be taken com- 
pletely. Then multiply the remainder by the next (or current) 
Rsine-difference (or Rversed-sine-difference) and divide (the 
product) by 225. Add the quotient (thus obtained) to the sum 
of the (tabulated) Rsine-differences (or Rversed-sine-difTerences) 
obtained before. The suro thus obtained is the Rsine (or 
Rversed-sine) of the given arc. 1 

This rule gives a method for calculating the Rsine or Rversed-sine 
of an arc by the help of the following table of Rsine-differences given by 
Aryabhata I in his Aryabhatiya* . 

1 This rule occurs also in SuSi, ii. 31-32; BrSpSi, ii. 10; LBh, ii. 2 
(ii)-3(i); SiDVr, I, ii. 12; SiSe, iii. 15; SiSi, /, ii. 10(ii)-ll. 

2 i. 12. This table has been referred to in MBh, vii. 13, 
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Table of Rsine-differences 



Serial No. 


Rsine- 
difference in 
minutes 


Serial No. 


Rsine- 
difference in 
minutes 


| Serial No. 


Rsine- 
difference in 
minutes 


Serial No. 


Rsine- 
difference 
in minutes 


1 


225 


7 


205 


13 


154 


19 


79 


2 


224 


8 


199 


14 


143 


20 


65 


3 


222 


9 


191 


15 


131 


21 


51 


4 


219 


10 


183 


16 


119 


22 


37 


5 


215 


11 


174 


17 


106 


23 


22 


6 


210 


12 


164 


18 


93 


24 


7 



This table gives the Rsine-differences corresponding to the twenty- 
four elementary arcs in which a quadrant of a circle is divided, each 
elementary arc being equal to 225 minutes. The same table reversed 
becomes the table of Rversed-sine-differences. 

Table of Rversed-sine-differences 



Serial No. 


Rversed-sine- 
difference in 
minutes 


Serial No. 


Rversed-sine- 
difference in 
minutes 


Serial No. 


7 


93 


13 


164 


19 


8 


106 


14 


174 


20 


9 


119 


15 


183 


21 


10 


131 


16 


191 


22 


11 


143 


17 


199 


23 


12 


154 


18 


205 


24 
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The method for calculating the Rsine or Rversed-sine of an 
arc, as stated in the text, may be explained by means of an example as 
follows: 

Example. Calculate Rsin 32° and Rversin 32°. 
Reducing 32 degrees to minutes, we get 1920'. Dividing this by 
225, we get 8 as the quotient and 120 as the remainder. 

(1) The sum of the first 8 Rsine-differences is 1719'. Multiplying 
the remainder 120 by the 9th Rsine-difference (viz. 191') and dividing the 
product by 225, we get 101' 52\ Adding this to the previous sum, we get 
1820' 52" 01*1821' approx. This is the value of Rsin 32°. 

(2) The sum of the first 8 Rversed-sine-differences is 460'. Multi- 
plying the remainder 120 by the 9th Rversed-sine-difference (viz. 119') and 
dividing that product by 225, we get 63' 28". Adding this to the previous 
sum, we get 523' 28" or 523' approx. This is the value of Rversin 32 . 1 

The above method for finding the Rsine of a given arc is evidently 
based on the simplest law of interpolation, viz. that of proportion. In 
later works, we come across more elegant methods of interpolation. We 
state here two of them. 

1. Brahmagupta's formula. 

If 0<225' and t be an integer, then 
Rsin (225't+ 0')=sum of t Rsine-differences 

, / t th Rsine-diff. +(t+l) th Rsine-d iff. 
^225 \ T 

_W t th Rsine-diff. - (t+l) th Rsine-diff. \ 

225 ' 2 '. f' W 

= sum of t Rsine-differences 

0' th 
+22j"{(t+l) Rsine-difference} 

+~2 • 22^5" (225 — ^ ^ (t-f l) th Rsine-difference 

. -t th Rsine-difference }. (2) 

1 Using modern four-figure tables and assuming that one radian = 
206265", we get Rsine 32° = 30° 21' 43" approx. and Rversin 32°=8°42' 
22" approx. This shows that the values derived from Aryabhata I's table 
give fairly good approximations to the Rsines and Rversed-sines up to 
minutes of arc. 
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Form (1) occurs in P. C. Sengupta's edition of the Khandakhadyaka 1 
of Brahmagupta and also in the Siddhanta-siromaai* of Bhaskara II. Form 
(2) is found to occur in Paramesvara's commentary on the Laghu-Bhas- 
kariya 3 . This formula agrees with Newton's interpolation formula for 
equidistant knots. 

2. Madhava's formula. 

If t be a positive integer and 0<225', then 
Rsin (225' t+0')=sum of t Rsine-differences 

, 9x[Rcos {225'( t+ 1)} + Rcos (225't)] 
+ 2F 

This formula is ascribed to Madhava by Nilakantha in his commen- 
tary on the Aryabhafiya* It occurs also in the Tantra-sahgraha* 

In Chapter VII of the present work, Bhaskara I gives a very interes- 
ting method for finding the Rsine of a given arc without the use of a 
table. 6 

A rule for finding the Sun's equation of the centre: 

4(ii). The Rsines and Rversed-sines (of the parts of the 
Sun's mean anomaly lying in the odd and even quadrants res- 
pectively) should be (severally) multiplied by the (Sun's) own 
epicycle and divided by 80: the resulting quantities should be 
subtracted and added (in the manner prescribed below). 7 

Application of the Sun's equation of the centre: 

5. The resulting quantities due to the first, second, third 
and fourth anomalistic quadrants should always be respectively 
subtracted from, added to, added to, and subtracted from the 
Sun's mean longitude corrected for the (local) longitude. 8 

1 ix. 8. 

2 /, ii, 16. 

3 ii. 2(ii)-3(i). 
* ii. 12. 

B ii. 10-13(i). 

« See infra chapter VII, stanzas 17-19. 

7 This correction is found also in BrSpSi,\ i. 15(h) and SiSe, iii, 27. 

8 This correction is found also in BrSpSi, ii. 16(i). Also see Si&e, 

iii. 28(i). 
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Alternative rule for trie determination and application o£ the 
Sun's equation of the centre (called bahuphala): 

6. Or, (find the bahuphala and) subtract the bahuphala 
when the (Sun's mean) anomaly is in the half -orbit beginning 
with Aries; and add that when (the Sun's mean anomaly is) in 
the half-orbit beginning with Libra. This correction should 
always be performed by one who seeks the true longitude (of 
the Sun). 1 

Baku ( due to a planet's mean anomaly) is defined in stanza 8 below. 
It is the arcual distance of a planet from its apogee or perigee, whichever 
is nearer. The Sun's bahuphala is obtained by the following formula: 

(Sun's tabulated epicycle) x Rsin (bahu due to the 
Sun's mean anomaly) 



Sun's bahuphala- 



80 



The Sun's tabulated epicycle is 3. a 

The Sun's bahuphala corresponds to the Sun's equation of the centre, 
which is shown by means of the Hindu epicyclic theory as follows: 

In the adjoining figure, 
the bigger circle UMN, centred 
at the Earth E, is the Sun's 
mean orbit called kaksavrtta 
(deferent); the small circles are 
nicoccavrttas (epicycles); and U 
is the Sun's ucca (apogee). 

Under the epicyclic theory, 
the mean Sun is supposed to 
move on the deferent, and the 
true Sun is supposed to move 
on its epicycle (centred at the 
mean planet) with the same 
angular velocity as the mean 
Sun has relative to the apogee 
but in the opposite sense. (See 
the arrows). 




Fig. 11 



1 This rule is found to occur also in SuSt, ii. 39; ISiDVr, I, ii. 14; 
SiSe, iii. 26(i). 

2 Vide infra, vii. 16. It must be noted that the epicycles have been 
tabulated after abrading them by 4J. 
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Initially, when the mean Sun is at U, the true Sun is at U^ Subsequ- 
ently, when the mean Sun is at M, the true Sun is at T x , such that MTj is 
parallel to EU. Since both the mean Sun and the true Sun have the same 
angular velocity relative to the apogee, the line MT t will always be parallel 
toEU. 

According to the Hindu astronomers, the tabulated (manda) epicycles 
are the mean epicycles (i.e., the epicycles corresponding to the mean dis- 
tances of the planets) whereas the true epicycles (on which the planets 
are supposed to move) are those which correspond to their true distances. 1 
That is to say, the point Tj in the above figure is not the position of the 
true Sun. 

According to the Hindu theory the true epicycle and the true position 
of the Sun, when the mean Sun is at M, are obtained as follows: 

Let C be a point in EU such that EC^ULV Join CT X and let it 
intersect the deferent at S. Produce ES and MT X to meet at T. Then MT 
is the radius of the true epicycle at M and T the true position of the Sun. 
Obviously, the epicycle varies from point to point. 

If T* denote the first point of Aries. Then 

Sun's mean longitude = arc TUM, 
and Sun's true longitude=arc TUS. 

The difference between the two, i.e., arc SM, is the Sun's equation 
of the centre. 

Let MA be perpendicular to EU and T 1 B 1 and SB be perpendi- 
culars to EM or EM produced. T^ is called bahuphala or bhujaphala 
and B X M is called kotiphala. 

The triangles BiMTj and MAE are similar. Therefore, 

T^ MA 
TjM ^ EM' 

t i> • c > l-7 t i TjMxMA 
or, T^j, i.e., Sun's bahuphala =— - — — - — 

EM 

_( radius of Sun's mean epicycle )x Rsin (arc MU) 
R" ' 

(Sun's tabulated epicycle) x Rsin (bahu due to the Sun's mean 
anomaly). 

= 80 

1 See BrSpSi, xxi. 29; SiSe, xvi. 24; SiSi, II, v. 36-37. Also jee Bhas- 
kara II's comm. on SiSi, II, v. 36-37; and the extract from the Adityapra- 
tapa-siddhanta quoted by Amaraja in his comm. on KK, page 33. 
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But T 1 B 1 =SB=arc SM approx. 

Hence it follows that the Sun's bdhuphala is the same as the Sun's 
equation of the centre. 

If denote the bahu due to the Sun's mean anomaly, then according 
to Aryabhata I and Bhaskara I 

3xRsin 



Sun's bahuphala=' 



80 

3 x 3438' x sin 



80 

= 128'-9 sin 

== -0375 sin radians. (1) 

According to Ptolemy, the greatest equation of the centre for the 
Sun — 2° 23'. Therefore, according to him, 

Sun's equation of the centre = 2°23' sin0 



143' sin© 
143 sin 



radians 



3438 

= '0416 sin $ radians. (2) 

According to modern astronomy, 
Sun's equation of the centre = 2e sin , where e= "0167 

= -0334 sin , (3) 

neglecting e* and higher powers of e. 

Comparison of the results (1), (2), and (3) shows that the Hindu 
approximation for the Sun's equation of ths centra in good enough and 
much better than that of Ptolemy. 

Addition and subtraction of the bahuphala. 

When the Sun's mean anomaly is less than 180°, the true Sun is 
behind the mean Sun; and when the Sun's mean anomaly is greater than 
180°, the true Sun is in advance of the mean Sun. Hence the Sun's 
bahuphala is subtractive or additive according as the Sun's mean anomaly 
is in the half-orbit beginning with Aries or in the half-orbit beginning with 
Libra. 

The Sun's bahuphata correction is applied to the Sun's mean longi- 
tude as corrected for the longitude-correction (i.e., to the Sun's mean 
longitude for mean sunrise at the svaniraksa place). And after the 
bahuphala correction has been made, we obtain the Sun's true longitude for 
mean sunrise at the svaniraksa place, 
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Sun's correction for the equation of time due to the eccentricity 
of the ecliptic (called bhujantara or bhujavivara correction): 

7. Multiply the mean daily motion (of the Sun) by the 
(Sun's) equation (of the centre derived from the Rsines and 
Rversed-sines of the parts of the Sun's mean anomaly lying in 
the odd ond even quadrants respectively) 1 or by the (Sun's) 
bahuphala (i.e., the Sun's equation of the centre derived from 
the bahu) and then divide the product by the number af minutes 
in a circle (i.e., by 21600); apply that (as correction, positive or 
negative, to the Sun's mean longitude corrected for the local 
longitude and for the Sun's equation of the centre) as before. 2 

The bhujantara correction is the third correction to be applied to 
the Sun's mean longitude. By this correction "allowance is made for 
that part of the equation of time, or of the difference between mean and 
apparent solar time, which is due to the difference between the Sun's 
mean and true places". 8 This correction having been applied to the 
Sun's longitude, we obtain the Sun's true longitude for true sunrise at the 
svaniraksa place. 

In the case of the Moon and other planets, according to the com- 
mentator Paramesvara*, this correction is applied to the mean longitude 
as corrected for the longitude-correction. 

The bhujantara correction is subtractive when the Sun's mean 
anomaly is less than 180° and additive when the Sun's mean anomaly is 
greater than 180°, because in the former case true sunrise occurs earlier 
than mean sunrise and in the latter case true sunrise occurs later than 
mean sunrise. 

The correction for "the equation of time due to the obliquity of the 
ecliptic" occurs for the first time in the Siddhanta-kekhara of Sripati (c.1039 

1 Vide supra stanza 4(ii). 

* Vide stanzas 5 and 6. This rule occurs also in SuSf, ii. 46; 
BrSpSi, ii. 29(i); SiDVr, I, ii. 16. 

» E. Burgess, English Translation of the Surya-siddhanta, Calcutta 

(1935), page 87. 

* Vide his comm. on MBh, iv. 29-30. 
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A. D.) under the name of udayantara-samskara. 1 It reappears in the 
works of Bhaskara IP (1150 A. D.) and Nilakantha 8 (1500 A. D.). 

Definitions of the bEhu and Jcoti (due to a planet's mean 
anomaly): 

8. The portions (of the mean anomalistic quadrant) 
traversed and to be traversed (by a planet) are called bahu and 
Jcoti or Jcoti and bahu, according as the mean anomalistic quadrant 
(occupied by the planet) is odd or even.* The bahuphala, and 
Jcotiphala are obtained as before for the determination of the 
hypabenuse (i.e., the distance of the planet). 

A rule for the determination of the true distance in minutes of 
the Sun or Moon: 

9-12. (When the Sun or Moon is) in the first or fourth 
(mean anomalistic) quadrant, add the Jcotiphala to the radius; 
(when) in the remaining (quadrants), subtract that from the 
radius: the resulting sum or difference is the upright. The 
square root of the sum of the squares of that and the bahuphala 
is called the hypotenuse. Multiply that hypotenuse (severally) 
by the bahuphala and kotiphala and divide (each product) by 
the radius: the results are (again) the bahuphala and Jcotiphala. 
From them obtain the hypotenuse (again) as before. Again 
multiply this hypotenuse (severally) by the initial bahuphala 
and Jcotiphala and divide (each product) by the radius. In this 
way, proceeding as above, obtain the hypotenuse again and 
again until two successive values of the hypotenuse agree (to 
minutes). (Thus is obtained the nearest approximation to 
the true distance in minutes of the Sun or Moon) .* 



1 Si&e,xi. 1, 

2 Si&i, I, ii. 62-63. 

3 TS, ii. 30. 

4 This definition is found also in SuSi, ii. 30; BrSpSi, ii. 12(ii); 
SiDVr, I, ii. 10-11; SiSe, iii. 13(i); Si&i, I, ii. 19. 

8 Cf. LBh, ii. 6-7. 
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Fig. 12 is a reproduction of the previous figure. As in the previous 
figure, M is the mean Sun and T the true Sun. ET is the true distance 
of the Sun. The above rule relates to the determination of ET. The 
method used is the method of successive approximations. 

In ,the triangle ESD, where SD is parallel to EU, we have 
: : ■ £s = R, 

and SD = T t M, the radius of the Sun's mean epicycle. 
If the value of TM» the radius of the Sun's true epicycle, were known, the 
Sun's true distance ET could be easily derived from a comparison of the 
similar triangles ESD and ETM. But the value of TM is unknown and 
is itself dependent on that of ET. Hence the necessity of the method of 
successive approximations (asakrtkarma). 



With centre E and radius ET t draw an arc of a circle cutting ET at S x ; 
through Sj draw a line SJ^ parallel to EU and a line S{T t parallel to EM 
meeting MTj produced at T B ; and from T 2 draw a line T 2 B 2 perpendicular 
to EM produced.. Again with centre E and radius ET 2 draw art arc of a 
circle cutting ET at S a ; through S a draw a line S a D 2 parallel to EU and 
aline S a T 3 parallel to EM meeting MT t produced at T 3 ; and from T 8 draw 
a line T,B 3 perpendicular to EM produced. Continue this process succes- 
sively. The sequence of points S v S„ S s ,...and also that of points 



T 




Fig. 12 
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T 8 ,...will converge to T. This is the basis of the method used. The 
details are as follows: 

MTi is taken as the first approximation r x to the radius of the Sun's 
true epicycle and likewise ES l5 which is equal to 1 
^| ( R+ kotiphala) i + (bahuphala) 9 , 

is taken as the first approximation H x to the Sun's true distance. 8 
Now from the similar triangles S^E and SDE, 

_ SDxH, TjXHi 
S lDl = —-0.=^. 

But MT^S^. Therefore, 

MT 2 =^^p-. (1) 

Again from the similar triangles T 2 B 2 M and MAE, we have 
MAxT a M 



T 2 B,=' 



R 

MAxr 



R R 

= R * .. (2J . 

Similarly, B,M - R — ■ __.jP). 
Therefore, 

ET a =N|( R+MB «>*+ T » B » a ' 
where MB 8 and T 2 B 2 are given by (3) and (2) respectively. 

MT 8 is taken as the second approximation r s to the radius of 
the Sun's true epicycle and likewise ES 2 ( =ET 8 ) is taken as the second 
approximation H 2 to the Sun's true distance. 

Since H_t > R, therefore from (1) 
r 2 >r 1 ; 

and consequently, 

H 2 > H t . 



1 For, ES^ETjj and from the right-angled triangle T^E, we have 
ET X S — EB 1 2 4-B 1 T 1 2 =(EM4-MB 1 ) 2 +B 1 T 1 2 , 
where EM=R, MB X is the kotiphala and BJ^ is the bahuphala. 

8 In the right-angled triangle EB-J^ BJV is called the base, EB, 
is called the upright, and E^ is called the hypotenuse. 
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Similarly, MT 3 , MT 4 , ... are the next successive approximations r 3 , 
r 4 , ... to the radius of the Sun's true epicycle, and ET 3 , ET 4 , ... are the 
next successive approximations H 3 , H 4 , ... to the Sun's true distance. As 
before, it can be easily shown that 

r < r 

• and H n < H n+1. 

Moreover, from the method of construction r l5 r a , r 3 , ... are each 
less than MT, which is the upper bound of the sequence {r R }, and H„ H s , 
H 3 , ... are each less than ET, which is the upper bound of the sequence 

(«„>• 

Hence it follows that 

h < r 2 < r 3 < ... < r n < ... < MT. 
and H x <H 2 <H 3 < ... <H n < ... < ET. 

The sequen ces { r n } and { H fl } are each monotonic and therefore 

convergent. The first converges to MT, the radius of the Sun's true 
epicycle, and the second to ET, the Sun's true distance. 

It may be seen that the sequences { r fl } and { H n } converge rapid- 
ly so that the third or fourth approximation will give the result correct to 
the minute. In actual practice* however, the process of successive approxi- 
mations is carried on until two successive approximations are the same 
to minutes of arc. For this reason, this process is sometimes called 
avisesakarma ("the process of reducing the difference to zero"). 1 

The method explained above is applicable to the Sun as also to the 
Moon. 

If in the above figure DM (which is equal to STj) be assumed to be 
equal to SS ls i. e., I^-R, we shall have 

ED=R-(H 1 -R) 
=2R-H lV 

and likewise, from the similar triangles SDE and TME, we shall get 

ET = ESXEM 
ED * 

R 2 

~ 2R-H! ' 



1 In the above discussion, we have assumed the Sun to be in the 
first anomalistic quadrant as shown in the figure. When the Sun is in any 
other quadrant, the procedure is similar. 
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which is BhSskara IPs approximation for the true distance of the Sun or 
Moon. 1 

It may be pointed out here that the method of successive approxi- 
mations, which has been used for finding the true distance of the Sun or 
Moon in the stanzas under consideration, was used by Lalla for determi- 
ning the radii of the true epicycles of the Sun and Moon. 2 

A rule for finding the true daily motion (called karnabhukti) of 
the Sun or Moon: 

13. Always multiply the (mean) daily motion of the Sun 
or Moon by the radius and (then) divide {the product) by the 
hypotenuse (i.e., the true distance) determined by the method 
of successive approximations; the result is the true daily motion 
(of the Sun or Moon). 

That is 

Sun's mean daily motion X R 



Sun's true daily motion = 



Sun's true distance in minutes 



, , . Moon's mean daily motion xR 

and Moon's true daily motion =— — -rr- : — —. — — , 

Moon s true distance m minutes 

where R is the standard radius (=3438'). 3 



1 See Si&i, I> v. 4. 
a See &iDVr t I, ii. 44. 

3 The object here is to obtain the angular velocity expressed in 
minutes, which will correspond also to the linear velocity in a circle of 
radius R. Paramesvara in luYcomm. on LBh, ii. 8 writes that, in place of 
the true distance in the above formulae, certain astronomers make use of 
the expression 



kotiphala 



{ kotiphala )* ^ 



where — or + sign is taken according as the planet is in the half-orbit 
beginning with the anomalistic sign Cancer or in that beginning with the 
anomalistic sign Capricorn. It may be pointed out that the expression 
(1) is an approximate value of Hj, the second approximation to the true 
distance. 
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The true daily motion determined from the above formulae is called 
karnabhukti ("the motion derived from the hypotenuse"). 

A rule for finding the true daily motion (called jivabhukti) of 
the Sun: 

14. Or, multiply the current Ksine-difTerence by the (mean) 
daily motion (of the Sun) and divide by 225. Then multiply 
that by the (Sun's) own (tabulated) epicycle and divide by 80: 
the result thus obtained subtracted from or added to the (Sun's) 
mean daily motion (according as the Sun is in the half-orbit 
beginning with the anomalistic sign Capricorn or in that begin- 
ning with the anomalistic sign Cancer) gives the true daily mo- 
tion (of the Sun). 1 

Let M and M' be the mean longitudes and S and S' the true longi- 
tudes of the Sua at sunrise yesterday and today respectively. Also let 
and 0' be the corresponding values of the bahu ( due to the Sun's mean 
anomaly). 8 Then, we have 

5=Mq= RSin9Xri 



and S'=M'-- 



80 

Rsin 0' x r. 



80 



where r x is the Sun's tabulated epicycle, - or + sign being taken accord- 
ing as the Sun's mean anomaly is less than 180° or greater. 

Therefore, 

(Rsin 9' <-> Rsin 0)xt 1 



S'-S^(M'-M) 



80 



(Rsin 0' <-> Rsin 9)xr t 



= mH - 80 



where m denotes the Sun's mean daily motion, - or + sign being taken 
according as the Sun's mean anomaly is in the half-orbit beginning with 
the sign Capricorn or in that beginning with Cancer. 



1 This rule occurs also in kiDVr, J, ii. 38 and Si&e, iii. 40-41. 
* Vide supra, stanza 8. 
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Neglecting the motion of the Sun's apogee and assuming that the 
Rsines vary uniformly, 1 we have 

( current Rsine-difference) X m 
Rsin 0' Rsin = ^ approx. 



Therefore, 



(current Rsine-difference) X/nXr, 
S'-S=m^i __ approx. 



Hence the above rule. 

Since the Sun's true daily motion has been obtained here with the 
help of the Rsines (ji'va), therefore it is generally called jivabhukti.. 

A rule for finding the true daily motion (called jivabhukti) of 
the Moon: 

15-17. {When the Moon is in the odd quadrant) subtract the 
part of the bdhu due to her mean anomaly lying in the elementary 
arc corresponding to the current Rsine-difference (antyajivadhanus- 
Jchanda) from the daily motion of the (Moon's) mean anomaly; 
(when the Moon is) in the even quadrant, subtract the remain- 
der obtained by subtracting that (part) from 225. Then take 
(as many) Rsine-differences in the reverse order, (if the Moon is) 
in the odd quadrant, or in the serial order, if the Moon is in 
the even quadrant, as correspond to (the above residue of) 
the motion of the (Moon's) mean anomaly (literally, the mean 
daily motion of the moon diminished by that of its apogee). 
(To the sum of those Rsine-differences) add the Rsine- 
differences (phala) corresponding to the arcs (of the daily motion 
of the Moon's mean anomaly which lie) in the first and last 
elementary arcs which are to be determined by proportion with 
the Rsine-differences (corresponding to those elementary arcs). 
Then calculate the (Moon's) equation of the centre {phala) co- 
rresponding to that (i.e., multiply that by the Moon's tabulated 
epicycle and divide by 80). The (Moon's) mean daily motion, 
when diminished or increased by that equation (according as the 



1 The assumption that the Rsines vary uniformly is false. 
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Moon is in the half-orbit beginning with the anomalistic sign 
Capricorn or in that beginning with the anomalistic sign 
Cancer), becomes truer than the true. 

The rationale of this rule is exactly similar to that of the previous 
rule. The difference is that the motion of the Moon's apogee is also taken 
into account in this case. 

For a criticism of the jivabhukti, see LBh, ii. 14-15(i). 

Another rule for finding the motion of the Sun or Moon for the 
day elapsed or for the day to elapse: 

18. The difference between the longitudes (of the Sun or 
Moon) computed for (sunrise) today and for (sunrise)yesterday is 
the motion (of the Sun or Moon) which has taken place(on the day 
elapsed). 1 The difference between the longitudes (of the Sun or 
Moon) computed for (sunrise) tomorrow and for (sunrise ) today 
is stated to be the motion (of the Sun or Moon) which will take 
place (today). 

A rule for determining the true distance in minutes of the Sun 
or Moon on the basis of the eccentric (pratimandala) theory: 

19-20. Subtract (the Rsine of) the greatest equation of 
the centre from or add that to (the Rsine of) the koti (due to 
mean anomaly) depending on the anomalistic quadrant (i.e., 
according as the Sun or Moon is in the second and third or 
first and fourth anomalistic quadrants). The square root 
of the sum of the squares of that and (the Rsine of) the bahu 
(due to mean anomaly) is the hypotenuse. 2 By that hypotenuse 
multiply (the Rsine of) the greatest equation of the centre, and 
then divide (the product) by the radius: add this result to or 
subtract that from the previous (Rsine of the) koti (as before). 
Continue this process until two successive approximations for 
the hypotenuse are the same (up to minutes). (Thus is ob- 
tained the true distance of the Sun or Moon). 

1 This rule occurs also in Si&i, I, ii. 36(ii). 
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The author takes up now the Hindu eccentric theory. Here the mean 
Sun (or Moon) is supposed to move on a circle centred at the earth called 
the concentric (kaksavrtta), whereas the true Sun (or Moon) is supposed to 
move on another equal circle called the eccentric (pratimaadala) with the 
same angular velocity as the mean Sun (or Moon) has. The centre 
of the eccentric is supposed to be deviated from the Earth towards the 
Sun's (or Moon's) apogee by an -amount equal to the Rsine of the Sun's 
(or Moon's) greatest equation of the centre. 

In Fig. 13, the circle UMNY centred 
concentric and the circle 
UiTjL centred at C is the 
eccentric for the Sun. When 
the mean Sun is at U, the 
true Sun is at U x (the apogee). 
Subsequently, when the 
mean Sun is at M, the true 
Sun is at T v Since the mean 
Sun and the true Sun have 
the same angular velocity 
relative to the apogee, the 
line MTj will always be 
parallel to the apse line EU. 

Let XY be perpendicular 
to EU through E, and T X B 
perpendicular to XY. Then 
in the triangle T^E, right- 
angled at B, we have 

BE=MA=Rsin (arc MU), 
and TjB = TjM + MB = EC + Rsin (arc MX), 

where the arc MX is the koti and EC is the Rsine of the greatest equation 
of the centre for the Sun. 

Had the length EC been equal to the radius of the Sun's true epicycle 
for the mean sun at M^E would have been the Sun's true distance, but EC 
corresponds to the radius of the Sun's tabulated epicycle, which is mean and 
not true, therefore T 1 is not the true position of the Sun and likewise T X E is 
not the true distance of the Sun. The true distance is determined as follows: 

Join T t C and let it intersect the concentric at S. Produce MT X and 
ES to meet at T. Then MT denotes the true distance b etween the centres 
of the concentric and the eccentric, T the position of the true Sun, and ET 
the true distance of the sun. 




Fig.13 
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The method stated in the text relates to the determination of ET. 
It is based on the process of successive approximations and may be 
explained as follows: < 

With centre E and radius ET\ draw an arc of a circle cutting ET at 
the point S 1? and through S x draw a line parallel to EM meeting MT at 
T 2 . Again with centre E and radius ET 2 draw an arc of a circle cutting 
ET at S 2) and through S 2 draw a line parallel to EM to meet MT at 
T 3 . Continue this process repeatedly. Also let SD, S^, S 2 D 2 ,... be 
parallel to EU. 

The method begins with assuming MT X as the first approximation r t 
to MT and likewise ET 2 is taken as the first approximation H x to ET. 
Now from the similar triangles SjDJL and SDE, we have 

SiDi SDxES, r.xH, 



R R , 

But S 1 D 1 =MT a . 

Therefore, MT,= riXHl . 

' R 

Therefore, from the triangle T 2 BE, right-angled at B, we have 



(1) 



ET 2 =x j(MB+MT 2 ) a +BE 2 , 
where MT 2 is given by (1), 

MT 2 is taken as the second approximation r a to MT, and ET a as the 
second approximation H 2 to ET. 

Since H 2 > R, therefore r 2 > and consequently, H 2 > H x . 

Similarly, MT 3 , MT 4 , ... are the next successive approximations r 3 , 
r 4 , ... to MT, and ET 3 , ET 4 , ... are the next successive* approximations H 3 , 
H 4 , ... to ET. Obviously, 

r n< r n + l andH n< H n4-l. 
Moreover, from the construction it is clear that r x , r 2} r 3 , ... are each 
less than MT, which is the upper bound of the sequence {r Q }; and H r 

H 2 , H 3 , ... are each less than ET, which is the upper bound of the sequ- 
ence {H n }. 

Hence it follows that 

i\ < r 2 < r 3 < ... < r n < ... < MT 

and H 4 < H 2 < H 3 < ... < H n < ... < ET. 
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Obviously, the sequences { r n } and { H Q } are convergent. The 
former converges to MT and the latter to ET. 

It will be noticed that the convergence is rapid, so that the third or 
fourth approximation will give the required distance correct to the minute. 
In practice, the process is repeated until two successive approximations 
agree to minutes. 1 

The process of finding the true distance of the Moon is similar. 

It may be added that the position and distance .of the Sun or Moon 
derived from the eccentric theory are the same as derived from the epicy- 
clic theory. 

A rule for the determination of the Sun's true longitude (for 
mean sunrise at the svaniraks.a place) under the eccentric 
theory: 

21-23. Multiply the radius by the Esine of the bhuja (due 
to the Sun's mean anomaly) and divide (the product) by the 
(Sun's true) distance. Add the arc corresponding to that (re- 
sult) to the longitude of the (Sun's) own apogee depending on 
the anomalistic quadrant (occupied by the Sun) (as follows): 

(When the Sun is in the first anomalistic quadrant, add) 
that arc itself, (when the Sun is in the second anomalistic quad- 
rant, add) half a circle (i.e., 180°) as diminished by that arc, 
(when the Sun is in the third anomalistic quadrant, add) half a 
circle as increased by that arc, and (when the Sun is in the fourth 
anomalistic quadrant, add) a circle as diminished by that arc: 
the result is the true longitude of the Sun (for mean sunrise at 
the place where the local meridian intersects the equator). 2 

This is stated to be the determination (of the Sun's true 
longitude) under the eccentric theory. The greatest equation 

1 In the above discussion we have assumed that the Sun is in the 
nrst anomalistic quadrant as shown in the figure. When the Sun is in the 
other quadrants, the process is similar. 

3 This rule occurs also in BrSpSi, xiv. 17-18 and SiSe, iii. 52. 
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of the centre for each individual planet determines its own 
eccentric (pratimandala) . 

In Fig. 13, SK and TW are perpendiculars to the apse line EU. TW 
(which is equal to MA) is the Rsine of the bhuja (or bahu) MU, and SK is 
the Rsine of the true bhuja (called spasta-bhuja) SU. 

Comparing the similar triangles SKE and TWE, we have 
SK TW 
SE TE ' 

giving SK = TWxSE 
TE 

or Rsin (arc SU) = Rsin (Phuja)xR 
Sun's true distance 

Therefore, 

arc SU = Rsin- 1 (bhuja) xK ~] 

^ Sun's true distance J ^ ' 

Now let T be the first point of Aries. (See Fig. 13). Then, if the 
Sun is in the first anomalistic quadrant (as in the figure), 

Sun's true longitude = arcTS = arcTU + arc SU. 

= longitude of the Sun's apogee + arc SU. 

When the Sun (i.e., the true Sun) is in the second quadrant, sa> 
at Q, the expression on the right hand side of (1) turns out to be the value 
of arc QN. Hence, in this case. 

Sun's true longitude = ar<=TQ = arcTu + (180° — arc QN). 

Similarly, in the remaining quadrants. 

The method for finding the Moon's true longitude is similar. 
A rule for finding the Sun's bhujantara correction under the 
eccentric theory: 

24. The (mean) daily motion (of the Sun) multiplied by 

the difference between the (Sun's) true and mean longitudes 
computed for the local place 1 and (the product then) divided by 
the number of minutes in a circle (i.e., by 21600) gives, as before, 
the (Sun's) bhujantara. 2 



1 What is meant here is the svaniraksa place, i.e., the place where 
the local meridian intersects the equator. 

s This rule occurs also in BrSpSi, xiv. 19. 
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The bhujantara correction is, as stated before, the correction for the 
equation of time due to the eccentricity of the ecliptic. 

An approximate formula for finding the Rsine of the Sun's 
declination: 

25. The Rsine of the Sun's longitude corrected for the 
three corrections (viz. de&antara, bahuphala, and bhujantara), 
as multiplied by 13 and divided by 32, is (the Rsine of) the 
Sun's declination. The remaining determinations (such as the 
calculation of the day-radius, etc.) should be made as 
before. 

From iii. 6-7, we have 

Rsing= 1397 x Rsin (1) 
3438 

where X and 8 are the Sun's sayana longitude and declination respec- 
tively. 

Now 

1397 1 + 1 J_ 1 2 ± 
3438 --2 + 2 + 5 + 1+ 9+1 + 9' 

1 2 11 13 1397 
giving _ , _ , _ , _, as the successive approximations of — — . 

2 5 27 32 3438 

1397 13 
Writing for ^433 i ts fourth approximation , (1) reduces to 

Rsin S = 13 x RsinA , 
32 

which is the formula stated in the text. 

A rule relating to the determination and application of the 
correction due to the ascensional difference of the Sun (called 
cara-samskara or cara correction): 

26-27. The (mean) daily motion (of the Sun) multiplied 
by the asus of the (Sun's) ascensional difference and divided by 
the number of asus in a day and night (i.e., by 21600) should be 
subtracted from or added to the (Sun's) longitude computed for 
sunrise or sunset respectively, provided that the Sun is in the J 
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northern hemishere; if the Sun is in the southern hemisphere, 
it should be applied reversely. 1 

In the case of other planets, this correction is determined 
by proportion (with the Sun's ascensional difference and the 
planet's mean daily motion) ; the law for its addition or sub- 
traction (to the planet's true longitude) is the same as in the 
case of the Sun. 

The correction due to the Sun's ascensional difference is the fourth 
and last correction to be applied to the Sun. By this correction allowance 
is made for the difference between the times of sunrise (or sunset) at the 
local and the svaniraksa places. This is applied to the Sun's true longi- 
tude for true sunrise at the svaniraksa place to get the Sun's true longitude 
for true sunrise at the local place. 

When the Sun is in the northern hemisphere, sunrise at the local 
place 2 occurs earlier than that at the svaniraksa place, and sunset at the 
local place occurs later than that at the svaniraksa place. When the Sun 
is in the southern hemisphere, it is just the contrary. Hence the law of 
correction stated in the text. 

The general formula for the cara correction is 8 

cam correction ^ ( Sun ' s asc - g i ff - * n taus) X (planet's mean daily motion) 

21600 

A rule for finding the semi-durations of the day and night: 

28. (When the Sun is) in the northern hemisphere, one- 
fourth of the total duration of the day and night increased by 
the (Sun's) ascensional difference, and (when the Sun is) in the 
southern hemisphere, one-fourth of the total duration of the day 
and night diminished by the (Sun's) ascensional difference is 



1 This rule occurs also in KK (Sengupta's edition ), i. 22 ; kiDVr, 
I, ii. 19 ; SiSi, I, ii. 53; etc. 

8 The local place has been always assumed to be in the northern 
hemisphere, i.e., to the north of the equator, 

8 Si$e, iii. 69. 
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the measure of half the day. The measure of half the night is 
obtained contrarily. 1 

This can be easily seen to be true from the celestial sphere. 

Rules relating to the corrections for the Moon: 

29-30. Multiply the (Moon's) mean daily motion by the 
Sun's equation of the centre and then divide (the product) by 
the number of minutes in a circle (i.e., by 21600): (the result 
is the bhujantara correction for the Moon). Add it to or sub- 
tract it from the Moon's (mean) longitude (corrected for the 
longitude of the local place) in the same way as in the case of 
the, Sun. 

! All remaining corrections for the Moon are prescribed as 
in the case of the Sun. 

(The bhujantara correction) for the remaining planets also 
is calculated from the Sun's equation of the centre. 

The general formula for the bhujantara correction is: 

bhujantara correction 

= (Sun's 7 equation of the centre) x (planet's m ean daily motion) 
" 21600 ' 

The formula for the bhujantara correction for the Moon, stated in the 
text, is a particular case of this. 

We have seen above that in the case of the Sun four corrections are 
applied in the following order: 

.. . . , (1) the longitude correction, 

' (2) the bhujaphala correction (i. e., the equation of the centre), 

i (3) the bhujantara correction (i. e., the correction due to the Sun's 

equation of the centre). 

(4) the correction due to the Sun's ascensional difference. 

. ' In the case of the Moon, the same four corrections are applied in 



" . ;1 ThisV rule is found also in SuSi, ii. 62-63; BrSpSi, ii. 60 ; KK 
(Sengupta's edition), i. 23; kiDVr, /, ii. 20-21; Sike, iii. 70; Si&i, l, iu 52,. 
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the following order : 

(1) the longitude correction. 

(2) the bhujantara correction (i.e., the correction due to the Sun's 
equation of the centre). 

(3) the bhujaphala correction (i.e., the Moon's equation of the 
centre). 

(4) the correction due to the Sun's ascensional difference. 

In later works, two more corrections are prescribed for the Moon. 
The one is equivalent to (i) the deficit of the equation of the centre of the 
Moon plus (ii) the evection 1 , and the other is what is now called "the 
variation". The former occurs for the first time in the Votes vara-siddhanta 
of Vatesvara (904 A.D.) and the Laghu-manasa of Manjula (932 A. D.) and 
the latter in the B'ijopanaya of Bhaskara II (1150 A.D.). 

The next six stanzas relate to the calculation of tithi, karma, and 
naksatm, whkh are three out of the five principal elements of the Hindu 
Calendar, the other two being yoga and vara (week-day), and to the pheno- 
mena of vyatipata. The calculations for tithi, karam and naksatra are 
made for sunrise. 

Calculation of the tithi: 

31-32. Divide the true longitude of the Moon as diminished 
by that of the Sun by 720 minutes (of arc); the quotient (obtai- 
ned) denotes the number, of tithis (elapsed). Multiply the re- 
mainder by 60 and divide (the product) by the difference bet- 
ween the (true) daily motions of the Sun and the Moon: then 
are obtained the ghatls, vighatis, and asus (elapsed of the current 
titM). (The time in ghatis, vighatis, etc. of) the current^* 
to elapse or elapsed is measured from sunrise.* 

A lunar (or synodic) month is defined in Hindu astronomy from one 
new moon to the next. There are thirty tithis (lunar days) in a lunar 
month. The first tithi begins at new moon (when the Sun and the Moon 
have the same longitude) and continues till the Moon, due to her rapid 
motion, is 12° (or 720') in advance of the Sun; the second tithi then begins 
and continues till the Moon is 24° in advance of the Sun; the third tithi 

1 See my paper entitled "The evection and the deficit of the equation 
of the centre of the Moon in Hindu Astronomy" in Bull. Banaras Math, 
Soc, Vol. VII, No. 2, 1945. 

* This rule occurs also in SuSi, ii. 66; BrSpSi, ii. 62; KK (Seilgupta's 
edition), i. 25; &WVr, I, ii, 22; Si£e, iii. 11; S$&, I, u. 66. 
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then begins and continues till the Moon is 36° in advance of the Sun; 
and so on. 

A lunar month is divided also into two halves, the light half and 
tl* dark half. The tight half begins at new moon and continues till full 
moon, and the dark half begins at full moon and continues till new moon, 
fifcklently there are fifteen tithis in each half. The tithis falling in the two 
hfllves are numbered 1,2, 3, ... 
)\i 

The text gives the method for finding the number of tithis elapsed 
since new moon, and the time elapsed at sunrise since the beginning of 
the current tithi. 

Calculation of the karana: 

33. The karanas (elapsed) are obtained by taking "half 
the measure of a tithi (i.e., 360 minutes)" for the diviser, and 
are counted with Bava. But the number of karanas elapsed in 
the light half of the month should be diminished by one, where- 
as those elapsed in the dark half of the month should be increa- 
sed by one. This is what has been stated. 1 

The karana is half a tithi, so that there are 60 karanas in a lunar 
month. These karanas are divided into 8 cycles of 7 movable karanas; 
bearing the names Bava, Balava, Kaulava, Taitila, Gara, Vanija, and Visti 
respectively, and 4 immovable karanas, "bearing the names Sakuni, Catus- 
pada, Naga, and Kimstughna respectively. 

1 That is to say: If it is the light half of the month, divide the true 
longitude of the Moon as diminished by that of the Sun, reduced to minutes, 
fey 360. The quotient diminished by one should be divided by seven and 
$ie remainder obtained should be counted with Bava. This gives the 
karana elapsed before sunrise. 

If it is the dark half of the month, subtract the longitude of the Sun 
ftom that of the Moon, and diminish that difference by six signs. 
Reduce it to minutes and divide by 360. The quotient increased by one 
should be divided by seven and the remainder obtained should be counted 
with Bava. This gives the karana elapsed before sunrise. 

The time elapsed at sunrise since the beginning of the current karana 
should be determined from the remainder obtained in the division by 360, 
as in the case of the tithi. 

This rule is found to occur also in KK (Sengupta's edition), i. 27' 
SiDVf, I, ii. 24; Site, iii. 77; SiSi, I, ii. 66. 
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The first round of the movable karartas begins with the second half 
of the first tithi in the light half of the month, and the eighth round ends 
on the first half of the fourteenth tithi in the dark half of the month. Thus 
in the light half of the month., the second karana is Bava, the third karana 
is Balava, the fourthlkarana is Kaulava, and so on; and in the dark half of 
the month, the first karana is Balava, the second karana is, Kaulava, and 
so on. 

The four immovable karartas occur in succession after the eighth 
round of the cycle of the seven movable karartas. 

Calculation of the naksatra: 

34. The true longitude of a planet reduced to minutes 
and then divided by 800 gives the number of naksatras passed 
over (by the planet). From the remainder (multiplied by 60 and) 
divided by the (planet's true daily) motion are obtained the 
.ghath elapsed (since the planet's entrance into the current 
naksatra). 1 

We have seen that in Hindu astronomy the stars lying near the eclip- 
tic are divided into 27 groups called naksatras. 2 Beginning with the first 
point of the naksatra Asvini, 3 the ecliptic, is divided into 27 equal parts, each 
of 800 minutes (of arc). These divisions of the ecliptic also are called 
naksatra and given the same names as the twenty-seven star-groups, i. e ; , 
Asvini, etc. The naksatras referred to in the above stanza are these divi- 
sions of the ecliptic. 

Given the longitude of a planet the above rule enables us to de- 
termine the number of naksatras passed over by the planet and the time 
elapsed since it crossed into the current naksatra. 

The phenomena of vyatipata: 

. 35-36. When the sum of the (true) longitudes of the -Sun 
and the Moon amounts to half a circle (i.e., 180°), the pheno- 

1 This rule is found also in SuSi, ii. 64; BrSpSi, ii. 61; KK (Sengupta's 
edition), i. 24; SiDVr, /, ii. 23(i); SiSe, iii. 75; SiSi, I, ii. 67. 

2 Vide supra, Chapter III, stanzas 62-75(i). 

3 The first point of the naksatra Asvini (also called the first point of 
Aries) is the fixed point from which the longitudes of the planets are 
measured in Hindu astronomy. This point coincides with the junction-star 
of the naksatra RevatJ, i.e. with £" Piscium. 



VYATIPATA I33 

menbn is called (lata) vyatipata; when that (sum) amounts to a 
circle (i.e., 360°) , the phenomenon in called vaidhrta (vyatipata); 
and when that (sum) extends to the end of the naksatra 
Anuradha (i.e., when that sum amounts to 7 signs, 16 degrees, 
and 40 minutes), the phenomenon is called sarpamastaka 
(vyatipata). 

The (lata) vyatipata occurs when the Sun and Moon are 
in different courses of motion (ayana) 1 and their (true) declina- 
tions are equal. Its region is half a circle, but due to the Moon's 
latitude it may be more or less. 2 

The sarpamastaka vyatipata corresponds to the yoga known by the 
name vyatipata. 

That the region of the (lata) vyatipata is half a circle means that 
the {lata) vyatipata takes place when the Sun and Moon are within half a 
circle measured from the first point of naksatra Asvini. 

The phenomena of vyatipata (usually called pata or mahapzta) are 
treated in detailm later works. In the Surya-siddhanta, Brahma-sphuta- 
siddhanta, Siddhanta-sekhara, and Siddhanta-siromaai, etc., a whole chapter 
is devoted to that subject. 

In modern Hindu Calendars (called Pancanga) are given the tithi, 
karana, Moon's naksatra, and yoga current at sunrise for every day of the 
year and also the times when they end and the next ones begin. The yoga 
has not been treated by Bhaskara I, but it forms one of the five important 
elements of the Hindu Calendar. Like the naksatras, the number of these 
yogas is also twenty-seven. The method of finding the yoga passed over 
'and the time elapsed at sunrise since the commencement of the current 
yoga is similar to that prescribed for the naksatra. The difference is that 
in the case of the yoga calculation is made with the sum of the 
longitudes of the Sun and the Moon, whereas in the case of the naksatra 
calculation is made with the help of the longitude of the Moon only 
The first yoga (called Viskambha) begins when the sum of the longitudes 
of the Sun and moon is zero, the second yoga (called Prlti) begins when 

1 That is to say, when one has northward motion and the other has 
southward motion. 

8 For details, see SiSi, I, xii. 
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that sum amounts to 13°20\ the third yoga (called Ayusman) begins tvheii 
that sum amounts to 26°40', and so on. 1 

The remaining chapter relates to the planets, Mars, Mercury, Jupiter, 
Venus, and Saturn. 

Calculations relating to the planets, Mars, etc.: 

37. (In the case of the planets, Mars, etc.) the determina- 
tion of the direct and inverse Rsines (relating to the kendra, i.e., 
mandakendra and 6lghrakendra) as also the calculation of the 
bhuja and Jcoti etc. is to be made as in the case of the. 
Sun. The differences (in the case of Mars, etc.) will now be 
stated. 

. The mandakendra and the sighrakendra are defined by the following 
equations : 

mandakendra = longitude of the mean planet — longitude of the planet's 
mandocca (apogee). 

sighrakendra = longitude of the planet's sighrocca — longitude of the true- 
mean planet. 2 

A rule for finding the (planet's) corrected epicycle: 

38-39(i). Multiply the Rsine or Rversed-sine (of the 
part of the kendra lying in the current quadrant 3 ), according as 
the (current) quadrant is odd or even, by the difference between 



1 The names of the 27 yogas are : (1) Viskambha, (2) Prjti, (3) 
Ayusman, (4) Saubhagya, (5) Sobhana, (6) Atiganda, (7) Sukarma, (8) 
Dhrti, (9) Sula, (10) Ganda, (11) Vrddhi, (12) Dhruva, (13) Vyaghata, 
(14) Harsana, (15) Vajra, (16) Siddhi, (17) Vyatipata, (18) Variyan, 
(19) Parigha, (20) &va, (21) Siddha, (22) Sadhya, (23) gubha, (24) Sukla, 
(25) Brahma, (26) Indra, and (27) Vaidhrta. 

There is another system of twenty-eight yogas, beginning with Ananda. 
In some Hindu calendars yogas of this system are also given for each day 
of the month. But these yogas are only of astrological interest. 

2 See infra, chapter vii, stanza 12. 

3 The kendra is said to be in the first quadrant if it is less than 90°, 
in the second quadrant if it is between 90° and ISO", and so on. 
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the (planet's) own epicycles (for the beginnings of the odd and 
even quadrants) and then divide (the product) by the radius- 
and apply the result (thus obtained) to the (planet's) epicycle 
(for the beginning of the current quadrant). Subtract (that 
result), when the epicycle for (the beginning of) the current 
quadrant is greater; add (that result), when the epicycle for 
(the beginning of) the current quadrant is smaller. Thus is 
obtained the (planet's) corrected epicycle. 1 

In the case of the Sun and the Moon, which move around the 

Earth, we have seen that only one epicycle is contemplated which is meant 

to account for the eccentricity of the orbit. In the case of the planets 

Mars, Mercury, Jupiter, Venus, and Saturn, which revolve round the Sun 

two kinds of epicycles are envisaged, (i) manda, and (ii) Sighra We 

shall presently see how these epicycles are utilized to explain the motion 
of the planets. 

_ Unlike the mean epicycle for the Sun or Moon, the manda and 
Sighra epicycles for Mars, etc., are supposed to vary from place to 
place. Their values at the beginnings of the odd and even quadrants 
are given in the seventh chapter.* Those for any other point of the 
orbit are determined by the method taught in the stanza under ' 
consideration. 

Let ot'and $ be the epicycles (manda or sighra) of a planet 
for the beginnings of the odd and even quadrants respectively. Then 
(1) if the planet be in the first quadrant (of the kendra), say at P, and 
its kendra be 0, 

epicycle at P = ot + <* - «> X *™ «, (when 

R 

= d — (<* — B)x Rsin , , . ' m 

ot £ (when o(>/8) 

and (2) if the planet be in the second quadrant (of the kendra), say at Q, 
and its kendra be 90° + <f>, 



1 This rule occurs also in SvSi, ii. 38 and Si&e, hi. 22 
8 Stanzas 13-16. 
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.picyc 1 eatQ =fl - <e -° ()X R RverSil " ■ 0*«eK»/ 
=fi+( 0(-g)xRv»rsin* (when 0(>/3) 

Similarly, in the third and fourth quadrants. 

Rule for finding the kendraphala {i.e., mandakendra-phala or 
iighrakendra-phala): 

39(ii). By that (corrected epicycle) multiply the Jilsine of 
the kendra of the desired planet and then divide ( the product 
obtained) by 80; this is known as the {kendra) phala. 

That is, 

mandakendraphala 

(correct ed manda epicycle) xRsin (mandakendra ) 
= 80 "~ ' 

and sighrakendraphala 

(corrected fighra epicycle) xRsm(fighrakendra) 
= "~ 80 " 

By the mandakendraphala is meant the bahuphala derived from the 
planet's corrected manda epicycle, and by the sighrakendraphala is 
meant the bahuphala derived from the planet's corrected fighra epicycle. 
The method of finding the bahuphala is the same as taught in the case of 
the Sun. 

In what follows we shall see how the mandakendraphala and the 
fighrakendraphala are used in finding the true geocentric longitudes of the 
planets. Their significance will also then become clear. 

Procedure to be adopted for finding the true geocentric longitude 
in the case of Mars, Jupiter, Saturn, Mercury and Venus: 

40-44. Calculate half the arc corresponding to the (planet's) 
mandakendraphala and apply that to the (planet's) mean longi- 
tude depending on the quadrant (of the planet's kendra) as in 
the case of the Sun. 
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(Then calculate the itghrakendraphala). Multiply the ra- 
dius by the Sighrakendraphala and divide (the product) by the 
(planet's) fighrakarna; then reduce that to arc. Apply half of 
that arc to the longitude obtained above, reversely (i.e., add 
when the Slghrakendra is in the half orbit beginning with the 
Ijign Aries and subtract when the iighrakendra is in the half 
'orbit beginning with Libra). 

Therefrom calculate (the arc corresponding to) the manda- 
(kendra)phala and apply the whole of that to the mean longitude 
of the planet. Thus are obtained the true-mean longitudes of 
Mars, Saturn, and Jupiter. 

The true-mean longitude corrected for the arc derived from 
the Sighrakendraphala 1 (literally, the arc corresponding to the 
result derived from the longitude of the Sighrocca minus the true- 
mean longitude of the planet) is to be known as the true longi- 
tude. The method (to be used) for the remaining planets (i.e., 
Mercury and Venus) is now being told. 

The longitude of the (planet's) mandocca (i.e., apogee) 
reversely increased or decreased by half the arc derived from thp 
Sighrakendraphala determines the fcrue-mean longitude (of the 
planet). And that (true-mean longitude) corrected for the arc 
derived from the Sighrakendraphala) is known as the true 
longitude. 8 

1 'The arc derived from the sighrakendraphala* is obtained by first 
multiplying the radius by the sighrakendraphala and dividing by the 
fighrakarna and then reducing that to arc. See stanza _41. 

The rule given in stanzas 40-43 is found also in A, iii. 23; LBh, ii. 32- 
35; &DVr, J, ii. 30-34; TS, ii, 55-65, 66(i). 

2 What is meant here may be explained as follows: Subtract the 
mean longitude of the planet from the longitude of the planet's fighrocca. 
Multiply the Rsine of that by the planet's corrected fighra epicycle and 
divide by 80: the result is the planet's sighrakendraphala. Multiply that 
by the radius and divide by the planet's fighrakarna, and reduce the resul- 
ting Rsine to the corresponding arc. Add half of it to or subtract that from 
the longitude of the planet's mandocca according as the slghrakendra of the 

planet is in the half orbit beginning with the sign Libra or Aries. Treat this 
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We explain below the motion of the planets, Mars, Mercury, Jupiter 
Venus, and Saturn, according to the Hindu epicycjic theory. 

Consider Fig. 14. E is the Earth. The bigger circle USM centred 
at E is the deferent (kaksavrtta). The point U on the deferent is the 
planet's mandocca (apogee). M is the position of the mean planet which 
is supposed to move on the deferent with mean velocity from west to east 
(in the anticlockwise direction indicated by an arrow). The small circle 
centred at M is the planet's manda epicycle corresponding to the position 
M of the mean planet: this manda epicycle is determined as taught in 
stanzas 38-39(i). EC is equal to MM t , M t and C are joined by a line 
which intersects the deferent 
at the point S. MMj and ES 
are produced to meet at the 
point T'. This point T' is, 
according to the Hindu 
astronomers, the position of 
the true-mean planet. The so 
called true-mean planet is 
assumed to move on the 
periphery of the true epicycle 
of radius MT* centred at M 
with the same velocity as the 
mean planet has relative to 
the apogee but in the 
opposite sense ( i.e., clock- N 
wise). The point S denotes Fig. 14 

the position of the truermean planet on the deferent. 

sum or difference as the correct longitude of the planet's mandocea. There- 
from calculate the arc corresponding to the planet's mandakendraphala and 
apply that to the planet's mean longitude. Thus is obtained the planet's 
true-mean longitude. Then calculate the arc derived from the planet's 
fighrakendraphala and apply that to the true-mean longitude of the planet. 
Then is obtained the true longitude of the planet (Mercury or Venus). 

The rule stated in stanza 44 occurs also in A, iii. 24; LBh, ii. 37-38; 
and &iDVr, I, ii. 35. The method prescribed here for finding the true 
longitudes of Mercury and Venus has been prescribed for all the planets 
in the Karana-prakasa (ii (b). 3, 4), the Graha-taghava (iii. 10), the Ravi- 
siddMnta-mdhjar} (ii. 1), and the Karana-kaustubha (iii. 19), etc., all of 
them being calendrical works, 
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If T be the first point of Aries, then Z- MET (or are MUT) is the 
mean longitude of the planet, and Z^SET (or arc SUT) is the true-mean 
longitude of the planet. The arc MS by which the true-mean longitude 
of the planet differs from the mean longitude of the planet is obtained as 
follows: 

Let MA be the perpendicular from M ori EU, M 1 B 1 and SD the per- 
pendiculars from M x and S on EM. Then comparing the triangles M^M 

and MAE, we have 

,. D . cn MA X MM, 
MiB,, i.e., SD = 1 

EM 

Rsin (pdhu due to mandakendra) x (radius of 
corrected manda epicycle) 



R 

(corrected manda epicycle) x Rsin 



80 ■ O 

where denotes the bahu due to mandakendra, 1 

Reducing the right-hand side of (1) to the corresponding arc, we get 
the arc MS. 

This arc MS has been referred to by Bhaskara 1 as the ate corres- 
ponding to the mandakendraphala 9 because it corresponds to MjBj which 
denotes the mandakendraphala. ^ Generally it k known as mandaphala* It is. 
subtracted from or added to the mean longitude of the planet, according as 
the mandakendra is less than dr greater than 180° , as in the ease of the Sun 
and Moon. 2 Thus 

true-mean longitude = mean longitude^mawfap/ja/a, 
according as the mendakendra is- less than or greater than 180°. 

Now consider Fig. 15. Here also Eis the Earth and the bigger 
circle centred at E is the deferent (kaMWvrtta); U is the planet's mmdocca 
("apogee") awef V the planet's Mghroem. S fo the posMatt tt trie tree-mean 
planet on the deferent. The small circle eeMfed at S is the planet's sighra 
epicycle: it is derived as taught in stanzas 38-39(i). ST is drawn parallel 
to EV. Then T denotes the position of the true planet. ET is called the 
sighrakarna. 

1 The bahu due to mandakendra is derived in the same way as in the 
case of the Sun. The corrected manda epicycle used in this last result is 
that divided by 4$. 

* It may be pointed out that in tfe© case of the Sim and Moon the 
mandaphala is the equation of the centre, called bahuphala by Bhaskara 1. 
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The true planet is assu- 
med to move on the sighra 
epicycle with the same angu- 
lar velocity as the true-mean 
planet appears to have in the 
deferent with respect to the 
fighrocca. Whereas the true- 
mean planet appears to move 
on the deferent (in the clock- 
wise direction) away from 
the sighrocca, the true pla- 
net is supposed to move on 
the epicycle, centred at the 
true-mean planet, in the anti- 
clock-wise direction, so that 
the line ST is always parallel to EV 




Fig. 15 



Let the line ET intersect the deferent at R. Then R denotes the 
true position of the planet on the deferent. If T be the first point of 
Aries, then 

L. SET (or arc SUT) is the true-mean longitude of the planet, 
and £, RET (or arc RUT) is the true longitude of the planet. 

The arc RS of the deferent, by which the true longitude of the planet 
diflFers from the true-mean longitude, denotes the planet's sighra correction 
(usually called sighraphald). It is derived as follows: 

Let SF, TG, and SH be the perpendiculars drawn from S, T, and S 
on EV, ES produced and ET respectively. 

Now arc VS=TV-TS, ... 
i.e., fighrakendra — (longitude of stighrocca)-. (longitude of truer 
mean planet). 1 , .. . ■ , 

Let this sighrakendra (reduced to bahu, if necessary) be denoted by <£. 
Then comparing the similar triangles TGS and SFE, we get 

SFxST 



TG =. 



ES 



But 

and 



SF = Rsin i>, 

ST _ sighra epicycle _ corrected hghra epicycle* 
ES 360 80 



1 As pointed out earlier, this jcorrected epicycle is divided by 4$. 
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Therefore TG — R sin <ft X (corrected sighra epicycle) 

80 

Again from the similar triangles ESH and ETG, we have 

SH — TG X ES 
ET ' 

i.e., Rsin (arc RS) 

_ Rsin ^ x (corrected sighra epicycle) xR 
I 80 X sighrakarna 

| Therefore arc RS or sighraphala is the arc corresponding to the 
right hand side of this equality. 

This sighraphala is added to or subtracted from the true-mean longi- 
tude of the planet according as the sighrakendra is less than 180° or grea- 
ter than 180°, because in the former case the true planet is in advance of 
the true-mean planet and in the latter case the true planet is behind the true- 
mean planet. Thus ■ 

true longitude = true-mean longitude ± sighraphala, 
according as the sighrakendra is less than or greater than 180°. 

The true longitude of the planet thus obtained was found to differ from 
the actual longitude determined from observation. Aryabhata I supposed 
that the error was due to the inaccuracy of the mandakendra (manda ano- 
maly). Soto get rid of the error, in the case of the superior planets 
(Mars, Jupiter and Saturn), he applied in succession (i) half the 
planet's mandaphala, and (ii) half the planet's sighraphala to -the manda- 
kendra of the planet; and in the case of the inferior planets (Mercury and 
Venus), he applied half the planet's sighraphala to the mandakendra 
of the planet From the mandakendra thus corrected, he calculated 
and applied in succession the mandaphala and the sighraphala corrections 
to the mean longitude of the planet. The same procedure has been follo- 
wed by the pupils and followers of Sryabhata I. Hence the rules stated 
in stanzas 40-44. 

The device contemplated by Sryabhata f continued to be used by 
his followers, but it was never very successful. Naturally, it never came 
into general use. Several other devices were attempted from time to time 
by later astronomers. - 

A rule relating to the eccentric theory: 

45-46. The wise (astronomer) should apply the eccentric 
theory here ( i. e., in the case of the planets Mars, etc. ) also. 
(Under this theory the mandocca and Sighrocca operations are 
as follows:) , 
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To the longitude of the mandocca ("apogee"), apply (the 
spasta-bhuja due to the mandakendra, as a positive correction) 
in the manner prescribed above (in stanza 22). From the longitude 
of the fighrocca subtract the spasta-bhuja (due to the Sighra- 
Jcendra) (as follows) : 

(When the fxghrakendm is) in the first and second quad- 
rants, subtract from the longitude of the fighrocca the spasta- 
bhuja itself and that subtracted from half a circle (i.e., 180°) 
respectively; (when the ilghrakendra is) in the remaining quad- 
rants (i.e., third and fourth), subtract that {spasta-bhuju) as 
increased by half a circle and that (spatta-bhuja) subtracted 
from a circle respectively. 

In Fig. 16, let the circle UMN centred at E, the Earth, be the coo- 
cyclic (kaksavrtta), the circle centred at C the manda eccentric (manda- 
prativrUd), U the planet's mandocca (apogee), and M the mean position of 
the planet. Let MM X be parallel to EU; and let S be the point where CM X 
intersects the concyclic, and V the point where MM t and ES produced 
meet. Then T is the position of the true-mean planet and S the 
position of the true-mean planet on the concyclic. If T be the first 
point of Aries, then 

arc TUS is the true- 
mean longitude of the planet. 

When the mean planet 
is in the first quadrant begin- 
ning with U, as shown in 
the figure, 

arc 

Tus=Tu+us, 

i. e*, true-mean longitude 
= kmgjtude of the planet's 
apogee + spasta-bhuja. 1 

When the mean planet 
is in the second anomalistic 
quadrant, the spasta-bhuja is 
the arcual distance of the 
true-mean planet from the 
perigee M. Thus, in this case Fig. 16 

» As in the case of the Sun, arc MU is the bahu or bhuja (due to 
planet's mandakendra) and arc SU is the spasta-bhuja. 
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true-mean longitude 5= longitude of planet's apogee 

+ (180° — spasta-bhuja). 
Similarly, when the mean planet is in the third anomalistic 
quadrant, 

true-mean longitude «=* longitude of the planet's apogee 

+ (180° + spasta-bhuja); 
iand when the mean planet is in the fourth anomalistic quadrant 
true-mean longitude = longitude of the planet's apogee 

+ (360° — spasta-bhuja). 

The spasta bhuja is obtained by the the following formula as in the 

case of the Sun: 

Rsin (spasta-bhuja SU)= ^ f — 

ET 

_ Rsin x R 

~~ H 

where in the bahu or bhuja (due to the planet's mandakendra), R is the 
radius, and H the planet's distance ET' which is called mandakarna and 
determined by the method of successive approximations as in the case of 
the Sun. (See stanza 55) 

Now consider Fig. 17. The circle VSU, centred at E, is the con- 
cyclic, V is the sighrocca, and 
S is the true-mean planet. 
The circle centred at C t is 
the fighra eccentric. The 
point T, where the line 
through S drawn parallel to 
EV meets the eccentric, is 
the true planet. R is the point 
Where ET intersects the 
concyclic- Tis the first point 
of Aries. 

When the true-mean 
planet is in the first quadrant 
beginning with V and measu- 
red in the clockwise direction 
as shown in the figure, 

true longitude=arcTSR=arcTSV — arc VR Fig. 17 

—longitude of the sighrocca — spasta-bhuja. 
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When the true-mean planet is in the second quadrant, 

true longitude^ longitude of the sighrocca — (180° — spasta-bhuja). 

When the true-mean planet is in the third quadrant, 

true longitude =longitude of the sighrocca — (180° + spasta-bhuja). 

When the true-mean planet is in the fourth quadrant, 
true longitude— longitude of the sighrocca — (360° — spasta-bhuja). 

The spasta-bhuja due to the sighrocca is determined by the formula : 

Rsin [spasta-bhuja)^ X ^ R 

_ Rsin (ft x R 
H' ' 

where is the bahu (due to the fighrakendra), R the radius, and H' the 
distance ET of the true planet, called sighrakarna. 

A rule for rinding the mandakarna and sighrakarna: 

47. Multiply the radius by the (planet's) corrected epicycle 
and then divide (the product) by 80; then subtract the quotient 
from or add that to the Rsine of the corresponding koti (due to 
the kendra) in accordance with the quadrant (of the kendra) : 
and then calculate the (planet's) karna as before. 

This method is analogous to that stated for the Sun and Moon in 
stanzas 19-20. The important thing to be noted is that in finding the manda- 
karna we have to apply the method of successive approximations as in the 
case of the Sun and Moon, whereas in finding the sighrakarna we have to 
apply the method only once. 1 The reason for this difference must have 
become clear to the reader from the epicyclic and eccentric theories, which 
have been explained above in detail. 

Procedure to be adopted for finding the true longitude of the 
planets under the eccentric theory: 

48-54. Add half the difference between the (mean) planet 
corrected by the mandocca operation and the mean planet to 
or subtract that from the mean planet according as the (mean) 
planet as corrected for the mandocca operation is greater or 
less (than the mean planet). (The planet thus obtained is call- 



1 See infra, stanza 55, 
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ed the once-corrected planet). Then correct it by the fighrocca 
operation. (The planet thus obtained is called the twice-corrected 
planet). Then find the difference between the two planets 
thus obtained (i.e., the once-corrected and twicencorrected pla- 
nets); divide that by two; and apply it to the once -corrected 
planet, as before. Whatever is thus obtained should be again 
corrected by the mandocca operation. Next calculate the diffe- 
rence between the twice-corrected planet, as corrected by the 
mandocca operation, and that (twice-corrected planet). Apply 
whatever be the difference between the twice-corrected planet as 
corrected by the mandocca operation and the twice-corrected 
planet to the mean longitude of the planet, as before. That 
(i.e., the resulting longitude) corrected by the fighrocca operation 
is the true longitude of the planet. 

Thus has been stated the method for finding (the true lon- 
gitudes of) Mars, Saturn, and Jupiter under the eccentric theory. 
Now is described the procedure to be adopted in the case of the 
remaining planets (viz. Mercury and Venus). 

(First of all obtain the mean planet as corrected by .the . 
ilghrocca operation). Then add half the difference between 
the mean planet corrected by the fighrocca operation and the 
mean planet to or subtract that from the planet's mandocca, 
accordingas the mean planet corrected by the fighrocca operation 
is less or greater (than the mean planet). Thus is obtained the 
true mandocca. Then find out, by the method under the eccen- 
tric theory, 1 the correction due to the true mandocca for 
Mercury as well as for Yenus. The mean longitudes of Mercury and 
Venus each corrected for that and thereafter for the correction 
due to the fighrocca are known as true longitudes of the planets. 

The procedure for finding the true longitudes of the superior 
and inferior planets stated in stanzas 40-44 according to the epicyclic 
theory has been translated in the above stanzas into the eccentric theory. 
The results in both cases are the same. 

1 The method is to find the difference between (i) tie mean planjst 
corrected by the mandocca operation and (ii) the mean planet. 
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Further instructions relating to rnandakarna and fighrakarna : 

55. When the Rsine of the greatest correction (antyaphala) 
is to be subtracted from the Rsine of the koli (due to the kendra), 
but subtraction is not possible, then subtract reversely (i.e., 
the latter from the former) - 1 Determine the- rnandakarna by the 
method of successive approximations (as in the case of the Sun 
or Moon) and the iighrakarna by a single application of the 
process (as taught in stanza 47). 

In the case of the rnandakarna, the Rsine of the greatest correction is 
equal to the radius of the corrected manda epicycle, i.e., to 
(c orrected manda epicycle) xR 
80 ' 

and inthecaseofthei/g/ra^, the greatest correction is equal to the 
radius of the corrected fighra epicycle, i.e., to 

( corrected sizhra epicycle) XR 
' 80 

A rule pertaining to the direct and retrograde motions of a 

Pkne 56-57 Having applied to the longitude of the iighrocca 
half the difference between the true and mean longitudes (of a 
planet) positively or negatively, depending upon (whether) the 
mean longitude (of the planet is greater or less than the true 
longitude), determine whether the motion of the planet is mkra 
or Mivakra or whether it is the end of the vakra motion. 

The true longitude of the planet having been subtracted 
from the longitude of the' (corrected) iighrocca, when the diffe- 
rence is 4 signs, the planet is about to take up vakra (retrograde) 
motion; when 6 signs, it is m ativakra (maximum retrograde) 
motion; and when ^8 signs, it soon abandons the regressive 
path. 8 . 

The difference between the trite- longitudes of a planet 
computed for (sunrise oh) the day to Elapse (i.e., today) and 

1 Referene¥is to the rule given in stanza 47. 

* Thistle' ii- found *Wte'Si&e, Hi. WBrSpSi, Ai, 50-51;- SiD F>, /, 
ii. 42. 
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for (sunrise on) the day elapsed (i.e., yesterday) is the (true) 
daily motion (of the planet for the day elapsed). 

Hindu astronomers have recognised eight kinds of motion of the 
planets. According to the Surya-sidcMnta, 1 these are : (1) vakra (begin- 
ning of regression), (2) ativakra (maximum regression), (3) kutila (end of 
regression and beginning of direct motion), (4) manda (slow), (5) manda- 
tara (slower), (6) soma (mean), (7) fighra (fast), and (8) fighratara (faster). 
Of these, says the author of the Surya-siddhanta, the first three are the 
different kinds of retrograde motion and the last five the various forms 
of direct motion. 2 The above stanzas 56 and 57 deal with the three 
varieties of retrograde motion. The details of the five varieties of direct 
motion are given by Sripati in his Siddhanta-'%ekhara? According to 
him, the motion is said to be "very fast", when the planet (measured from 
its fighrocca) is in the beginning of the sign Aries or Pisces ; "fast", when 
in the beginning of Taurus or Aquarius; "mean" when in the beginning of 
Gemini or Capricorn ; "slow", when in the first half of Cancer or in the 
last half of Sagittarius ; and "very slow", when in the first half of Sagit- 
tarius or in the last half of Cancer. 

The following table gives the sighrakendras of the planets when they 
take up, retrograde motion according to various Hindu authorities : 



Sighrakendras of the planets when they take up retrograde motion. 





Sighrakendra 


Planet 


BrSpSi (ii.48), 
kiDVrilM.ATI), 
KPj (iii. 8), 
SiSe (iii. 58), 
SiSi (/, ii. 41) 


KKau (ii.23), 
<j£5(iii.l5) 


MSi 
(iii.31) 


VVSi 
; (ii.30), 
SuSi 
(ii.53-54) 


PiSi, 
KK (HI 
8-17) 


Mars 


163° 


163« 


163« 


164° 


164* 


Mercury 


145* 


145° 


145° 


144« 


146* 


Jupiter 


125° 


125° ; 


\ 1250 


130 9 


125* 


Venus 


165° 


• 167° 


166° 


* 163° 


165* ' 


Saturn 


113* | 

i 


113° 


113 a J 




133* 



I ii. 12. V5tiSiV n.l3. 3 iii. 60. ,.y' - 

I I - ■ ■ > 
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A rule for finding the true daily motion (called fivabhukti) 
of the planets : 

58-63. Multiply the (planet's) own (mean) daily motion 
by the current Rsine-difference relating to the mandocca (i.e., 
the current Bsine -difference corresponding to the mandakendra 
&i fche planet) and again by the (planet's) own (corrected 
mcmda) epicycle ; then divide (the product) by the number 
of fliiimtes in a sign as multiplied by 10 (i.e., by 18006 1 ). 
Add half of that to or subtract that from the (planetfs) mean 
daily motion according to (the law of addition and subtraction 
in) the (four) quadrants * (Thus is obtained the once-corrected 
daily motion). 

Subtract [that from the daily motion of the fighrocca. 
Multiply whatever is obtained (i.e., tighraJcendrajyagatiphala) 
by proceeding with the remainder in accordance with the 
rule "kendrantyajiva etc." (stated in the previous stanza) 3 by 
the radius and divide by the Hghrakarna (of the planet) ; (and 
reduce the resulting Rsine to the corresponding arc). Add 
half of that (arc) to or subtract that from (the once-corrected 
daily motion) in accordance with the law (of addition and 
subtraction) for the correction due to fighrocca. (Thus is 
obtained the twice-corrected daily motion). 

Then add the entire of the mandakendrajyagatiphdla* 
(derived from the current Rsme-differenee corresponding to the 



1 This number is the product of 225 and 80. 

2 See supra stanza 5. 

3 That is to say, multiply the remainder by the current Rsine-diffe- 
rence corresponding to the sighrakendra of the once-corrected planet and 
also by the planet's corrected sighra epicycle and .divide the product by 
18000 : the result is the fighrakendrajyagatiphala. 

4 Multiply the twice-corrected daily motion by the current Rsine- 
difference corresponding to the mandakendra of the twice-corrected planet 
and also by the planet's corrected manda epicycle and divide the product 
by 18000 : the result is the mandakendrajyagatiphala. 
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mandakendra of the twice-corrected planet) to or subtract that 
from the (planet's) mean daily motion (according to the law 
of addition and subtraction in the four quadrants). Set down 
the result at two places. At one place (subtract that from 
the daily motion of the tighrocca and then) calculate (the arc 
corresponding to) the Sighrakendrajyagatipkala. 1 Add the entire 
of that (arc) to or subtract that from the result kept at the 
other place (according to the law of addition and subtraction 
in the four quadrants). Thus is obtained the desired true daily 
motion (of the planet) . 

When the result derived from the ilghra operation (i.e., 
the arc corresponding to the SigJwaJwndrajyagatipkala) cannot 
be subtracted from that 2 , the difference between the two then 
denotes the value of the true daily motion and the planet is 
said by the learned to be retrograde. 3 

This is the method for finding the true daily motion 
in the case of Jupiter, Saturn, and Mars. Now is being des- . 
cribed the method for Venus and Mercury. 

Increase or diminish (as usual) the mean daily motion of 
Venus or Mercury by the entire motion-correction (i. e., manda- 
kendrajyagatiphala) determined from the corrected mandakendra 
and also by that obtained by proceeding according to the rule 



1 The process is : Multiply the difference obtained after subtraction 
from the daily motion of the sighrocca by the current Rsine-difFerence 
corresponding to the sighrakendra and also by the corrected sighra epicy- 
cle and divide that product by 18000 : the result is the sighrakendra- 
jyagatiphala. Multiply that by the radius and divide by the 'iighrakarna, 
and reduce that to the corresponding arc. 

a That is, the result kept at the other pipce. 

,11*' . . ' 

3 This rule is found also in iUDVf, I, ii. 38-40. 
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"iighrantyajiva etc.". 1 This (sum or difference) is the true 
daily motion (of Venus or Mercury). Thus has been stated 
the difference of procedure (in the case of the superior and 
inferior planets). 

The daily motion thus obtained is always very nearly 
equal to the true daily motion and should be made use of in 
practical calculations. 

The above rules relate to the determination of the true daily motion 
of the planets, Mars, Mercury, Jupiter, Venus, and Saturn, and seem to 
have been inspired by the rule of Aryabhata Fs midnight day-reckoning 
which has been adopted by Brahmagupta in his Khanda-khadyaka*. They 
are different from the analogous rules found in the other works on Hindu 
astronomy. 3 

They have been derived by taking the difference between the longi- 
tudes of the planets for two consecutive days as in the case of the Sun and 
Moon. 4 The rules differ in the case of superior and inferior planets be- 
cause the methods of finding the true longitudes in the two cases differ. 

The daily motion obtained by the application of the above rules is 
known as jhabhukti as in the case of the Sun and Moon. It is probably 



1 That is to say : Multiply the mean daily motion by the current Rsine- 
difference corresponding to the mandakendra determined from the correct- 
ed mandocca (see stanza 53) and also by the corrected manda epicycle 
and divide the product by 18000: the result is the mandakendrajyagati- 
phala. Add it to or subtract it from the mean daily motion of the planet 
(as necessary). Subtract the sum or difference thus obtained from the daily 
motion of the sighrocca. Multiply the difference by the current Rsine- 
difference corresponding to the fighrakendra and also by the corrected 
fighra epicycle and divide the product by 18000. Multiply that by th e 
radius and divide by the sighrakarna, and reduce that to the correspond- 
ing arc. Add it to or subtract it from the mean daily motion already 
corrected for the mandakendrajyagatiphala. 

2 See KK (Sengupta), ii. 19; KK (Babua Misra), ii. 26. Also see Prthua 
daka's comm. on this stanza. 

3 e. g. by Lalla, fiiDVr, I, ii. 40. 
* See supra stanzas 14-17. 
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because the rules depend upon the use of the table of Rsine-difFerences. It 
is assumed that the Rsines very uniformly, so the results obtained from 
the above rules are only approximate as the author himself admits. 

The true daily motion is required for the purpose of computing dis- 
placements of the planets. In the case of the Sun and the star-planets 
(Marsy Mercury, etc.), the daily motion is small enough and not much error 
is introduced by using the fivabhukti but in the case of the Moon the daily 
motion is so much that the use of the fivabhukti in computing displace- 
mets of the Moon may cause serious error. This thing was noticed by the 
author of the present work himself who in his smaller work, the Laghu-Bhas- 
kariya 1 , has criticised the fivabhukti and has preferred the karnabhukti, i.e., 
the daily motion derived by the use of the instantaneous distance of the 
planet. Lalla, the author of the kisya-dhi-vrddhida, also has pointed out the 
above-mentioned discrepancy of the jivabhukti, 2 In the works of Brahma- 
gupta, Lalla, and Sripati, the rules of finding the true daily motion of the 
planets are based on the distances of the planets. 3 

The object of devising rules depending on the instantaneous distances 
of the planets was essentially to obtain the instantaneous velocities of the 
planets, but the aim was not wholly achieved by the rules given by Brahma- 
gupta, Lalla, and Snpati. For the velocity obtained by their methods 
turned out to be the same as the mean daily motion of the planet at the 
intersection of the concentric and the eccentric, which was wrong.* An 
accurate rule for the instantaneous velocity of a planet was given by Man- 
jula (932 A. D.) and by Aryabhata II (c. 950 A.D.). The method was fully 
explained by Bhaskara II (1150 A. p.). More accurate rules occur in the 
! Tantra-sahgraha of Nilakantha, 5 

' Instantaneous velocity is known in Hindu astronomy by the terms 
tatkaliki-gati, tatkala-gati, tatksana-gati, tatsamayaja-gati, and vela-bhukti. 



1 ii, 14-15. 

2 kiDVr,, I, ii. 43. 

3 The rules are given in BrSpSi, ii; 41-42; SiDVr, / ii. 45-46; and 
SiSe,iin. 42-43 respectively. 

* See &iDVr, II, i. 13(ii) and aiso Si&i, II, v. 39. 

' The rules of Manjula, Aryabhata II, Bhaskara II, and Nilakantha 
are given in LMa, ii. 4(ii), MSi, iii. 15 (ii). 27; SiSi, I, ii. 37, 39; and TS, 
ii. 51-52 respectively. 
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A rule for finding the longitudes of the Sun and the Moon at 
the end of the parva-tithi: 

64. Multiply the unelapsed, part of the (parva) tithi or the 
elapsed part of the (next) tiiki by the (true) daily motions of 
the Sun and the Moon and divide (each product) by the diffe- 
rence between the (true) dairy motions (of the Bun and Moon). 
The longitudes of the Sun and the Moon* increased or dimini- 
shed (in the two cases respectively) by the quotients (thus ob- 
tained) should be known as the longitudes agreeing to minutes 
<jf the Sun and Moon— the causes of the performances of the 
world.* 

By tke parva-tithi is meant the fifteenth tithi called pwnima (i.e., full 
moon day) or the thirtieth tithi called amavasya <i.e^ new moon day). The 
end of the former occurs when the Sun and Moon are in opposition in 
longitude, and the end of the latter occurs when the Sun and Moon are in 
conjunction in longitude. 

At the time of opposition of the Sun and Moon, the longitudes of 
the Sun and Moon dififer by six signs but otherwise agree to minuts of arc. 
At tte time of conjunction of the Sun and Moon, the longitudes of the 
Sun and Moon are exactly the same and therefore agree to minutes of arc. 
Heace the above rule. 



1 For sunrise on tne par9a~titki m the first case and for sunrise on 
next tithi in the second case. 

2 The same rule is stated m SmSi, iv. 8; jPSi, vL 1; MSi, v. 4(ii)-5 
(a); SiSe, ni. 84; and SiSi, J, ii. 70; Hilafcantha (JS, iv. IS) and Kamala- 
Jcara i$8T¥, ix. 1) have prescribed a successive repetition of the above ride. 
The method given in LBh, iv. 1 is approximate and simpler. 



CHAPTER V 

ECLIPSES 
(1) ECLIPSE OF THE SUN 

Introductory stanza : 

1. Now shall be given the solar eclipse as taught by 
Acarya Aryabhata. At the beginning of that one should know 
the determination of the elements (to be' used). 

Mean distances in yqjanas of the Sun and Moon : 

2. (The mean distance) of the Sun is 459585 (yqjanas) ; 
that of the Moon is 34377 (yojanas). 

A rule for converting true distances known in minutes into 
true distances in yojanas : 

3. These (severally) multiplied by their true distances in 
minutes (as determined before) 1 and divided by the radius (i.e., 
3438 minutes) are known as the true distances in yojanas of the 
Sun and the Moon. 2 

That is, 

Sun's true distance in yojanas 

_ Sun's mean distance in yojanas x Sun's true d istance in minutes 

Radius 

and Moon's true distance in yojanas 

Moon's mean distance in yojanas x Moon's true distance in 

„ _ __ minutes 

Radius 

Diameters of the Earth, the Sun, and the Moon in terms 
of yojanas : 

4. The diameter, in terms of yojanas, of the Earth has been 
stated by the learned to be 1050 ; of the Sun 4410 ; and of the 
Moon, 315. 

1 Vide supra, Chapter IV, stanzas 9-12 and 19-20. 

2 This rule is found to occur also in BrSpSi, xxi. 31(ii) ; hiDVr, I, 
IV. 5(i) ;LBh t iv,3- v, 4 (ii) ; S*& ? J f v. 5(i) ; TS,iv, 10(ii)-ll, 
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The following table gives the diameters and distances of the Sun 
and the Moon and their ratios according to Bhaskara I, Snpati, Bhaskara 
II, and also according to modern astronomers. 



Comparative table of diameters and distances of the Sun and Moon. 





Bhaskara I 


Sripati 


Bhaskara II 


Modern, in 
miles 


Sun's diameter in 
yojanas 


4410 


6522 


6522 


864000 


Sun's distance in 
, yojanas 


459585 


684870 


689377 


92900000 


Ratio 


•009596 


•009523 


•009461 


•0093 


Moon's diameter in 
yojanas 


| 315 


480 


480 


2160 


Moon's distance in 
yojanas 


34377 


51566 


51566 


238900 


Ratio 


•009163 


•009308 


•009308 


•009 



This table shows that, although the values of the diameters and 
mean distances of the Sun and the Moon given by different authorities 
differ, their ratios are practically the same. It may be pointed out that 
it is these ratios and not the diameters or distances that are used in the 
calculation of the eclipses — a fact which is partly responsible for the 
great accuracy attained by Hindu astronomers in the prediction of the 
eclipses. 

A rule fox finding the angular diameters of the Sun and the 
Moon : ; 

5. The diameters of the Sun and the Moon when (seve- 
rally) multiplied by the radius and divided by their true 
distances in yojanas become the (angular) diameters in minutes. 1 



1 This rule is found also in BrSpSi, xxi. 34(ii) ; SiDVr, I, iv, 8; St&e, 
v. 6 ; and Si& /, v .7. 
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That is, 

Sun's diameter in minutes = Suns diameter in yojanas x R 

Sun's true distance in yojanas " 

and Moon's diameter in minutes = Moon's diameter in yojanas x R 

Moon's true distance in yojanas 

Formulae for the true (i.e., angular) diameters of the Sun, 
the Moon, and the shadow 1 in terms of the true daily motions 
of the Sun and the Moon : 

6-7. Five-ninths of the (minutes of the Sun's true) daily 
motion and one-twenty-fifth of the (minutes of the Moon's true) 
daily motion (treated as minutes) respectively increased and 
diminished by the seconds equal to one-fourths of themselves 
aie to be known as the true diameters of the Sun and Moon 
(respectively). One-tenth of (the minutes of) the moon's true 
daily motion (treated as minutes) plus one-sixteenth of the 
same treated as seconds is stated to be the (true) diameter of 
the shadow.* ' 

That is to say, 

(1) Sun's true diameter = _ (Sun's true daily motion in minutes) 

9 minutes 
, 5 • 

36 ( Sun '- S true dailv motion in minutes) seconds ; 

(2) Moon's true diameter = Moon ' s true dail y motion in minutes 

25 minutes 

Moon's true daily motion in minutes 

m seconds; 

(3) True diameter of the shadow 

_ Moon's true daily motion in minutes . . 
— — , minutes. 

, Moon's true daily motion in minutes 

seconds. 



1 By the shadow is meant in this chapter the section of the cone of 
the Earth's shadow at the Moon's distance. 

2 Similar rules occur also in BrSpSi, iv. 6(i) ; OT(Sengupta's edition), 
rv. 2(i) ; SiDVr, I, iv. 9 ;MSi, v. 5(ii) ; v . 9; St&i, I, v. 8-9 ; KPr, v. 2. 
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The following is the rationale of the above formulae: 

From stanza 5, we have 

Sun's diameter in y ojanasXK m i nutes . 
Sun's true diameter = § ^ ^ m y0]ma ^ 

But 

R 

Sun's true distance in yojanas 

_Sun's t rue daily motion in minutes 
~~ Sun's mean daily motion in yojanas 

Therefore, 

Sun's true diameter . „\v«™'dnie dailv 

(Sun's diameter m yojanas)x (Suns true aauy 

motion in minutes) . 

= Sun's mean daily motion in yojanas 

mmutes. 

Now, according to Bhaskara I, a planet travels through 
124 74 72,05,76,000 yojanas in 1,57,79,17,500 mean civil days, therefore 
ftemcan Wly motion of . planet comes out to be 7905-8 yojanas. Hence, 

4410 (Sun's true daily motion in minutes) 

Sun's true diameter = ■ ^ 

_5 (Sun's true daily motion in minutes) m;T111tpg 
- ' 9 

161 (Sun's t rue daily motion in minutes) X 60 

+ 7905-8 7 

seconds. 

= 5 (Sun's true daily motion in mfautesK ^^ 

, 5 (Sun's true daily motion in minutes ) cprmids 

+ ' " 36 " 

Similarly, ^ fMnnn , s tme dailv mo tion in minutes) 
Moon's true diameter = — 7905*8 ~te7 

_Moon's true daily motion in minutes 
~~ 1 25 ' 

mmutes. 

308 ( Moon's true daily motion in minutes) X 60 
' 7905*8x25 

seconds. 

Moon's true dail y motion in minutes 
— — 2^ minutes 

M oon's true dail v motion in minutes secondSt 
100 
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The formula for the true diameter of the shadow given in the text 
depends entirely upon the true daily motion of the Moon whereas it 
ought to depend upon the true daily motions of the Sun and Moon both. 
The author obviously takes the mean diameter "of the shadow to be that 
which corresponds to the mean distances of the Sun and the Moon and 
derives the value of the true diameter of the shadow therefrom by apply- 
ing the usual process. The rationale seems to be as follows: 

Mean diameter of the shadow 
= Earth's diameter 

(Sun's diameter — Earth's diameter) X (Moon's mean distance) 

Sun's mean distance 
_ 1{?50 (4410—1050) X 34377 

459585 
-1059- 3360x34377 
459585 

=1050— 251-3=798-7 yojanas. 
Therefore, 

True diameter of the shadow 

- 798-7XR minutes, 

Sun's true distance in yajanas 
_ 798-7x (Moon's true daily motion in minutes) j^^gg 

Moon's mean daily motion in yojanas 
_ 798-7 X (Moon's true daily motion in minutes) mimites 
7905-8 

_ Moon's true daily motion in minutes minutes 
~ 10 

^ Moon's true daily motion in minutes secom j s 

A rule for the determination of the {say ana) longitude of the 
meridian-ecliptic point for the time of geocentric conjunction of 
the Sun and Moon: 

8-11. Now is stated the method for (finding the longitude 
of) the meridian-ecliptic point. Those proficient in the (astro- 
nomical) science should know that the determination (of that) 
is made with the asus due to right ascension (i.e., with the 
times in asus of rising of the signs # the equator). 
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From the asus intervening between midday and the 
tUhyanta ("the time of geocentric conjunction of the Sun and 
Moon") one should subtract in the forenoon the asus correspon- 
ding to the degrees 'traversed of the sign occupied by the 
Sun (at the tUhyanta) and in the afternoon the asus corresponding 
to the degrees to be traversed. The degrees (traversed or to be 
traversed) should be (respectively) subtracted from or added to 
the longitude of the Sun (for the tUhyanta). The complete s lg ns 
determined with the help of the am of the right ascensions of 
the signs and whatever (fraction of a sign) is obtained by pro- 
portion should also be (respectively) subtracted or added by those 
who know the true principles of the science of time. This (i.e the 
longitude thus obtained) is the true (sayam) longitude of the 
meridian-ecliptic point. So haB come out of the mouth of the 
illustrious (Aearya Aryajbhata. 1 

The five Rsines relating to the Sun and the Moon: 

12 The orbits of the Sun and the Moon being different, 
the (five) Rsines for them are said to differ.' This (difi^noe) 
is indicated by the words "svadrkhepa etc." of the Master 
(Aryabhata'I). 3 

The five Rsines contemplated here are the so called udayajya, 
madhyajya, d.kksepajya, drgjya and dr.ggatijya. Rules for finding these are 
gives in the next eleven stanzas. 

d. rule for finding the Sun's udayaja: 

13 Multiply the Rsine of the Vahu due to the (sayana) 
longitude of the rising point of the ecliptic by (the Kerne of) 
the (Sun's) greatest declination and then dmde (the product 
by. (the Rsine of ) the colatitude: the quotient is the Suns 
true udayajya.* 

^hTsun's longitude to be used in this rule must be sayana 

*Lalla in his Sisya-dhi-v<ddhida takes for simplicity the five Rsmes 
for the Moonjo be the same as those for the Sun. 
a Vide A, iv, 33. 

* This rule occurs also in SiDVr^ I, v. 4. 
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That is 

„ , , ■ . _ Rsin X X Rsin g 
Sun's udayajya = - 



Rcos <£ 

where X is the sayana longitude of the rising point of the ecliptic, 
£ the greatest declination of the Sun, and <t> the latitude of the place. 1 

The Sun's udayajya is the Rsine of that part of the local horizon 
which lies between the east point and the rising point of the ecliptic. 
It is equal to the Rsine of the agra of the rising point of the ecliptic 
and is, therefore, also known as udayalagnagra or simply lagriagra. 

A rule for finding the Moon's udayajya: 

14-16(i). The Rsine of (the longitude of) the rising point 
of the ecliptic minus (the longitude of ) the Moon's ascending 
node, multiplied by 15 and divided by 191, is the Rsine of the 
(Moon's) latitude corresponding to the rising point of the ecliptic. 
When the declination and (Moon's) latitude corresponding to the 
rising point of the ecliptic are of like direction, take their sum; 
in the contrary case, take their difference. The radius multiplied 
by the Rsine of the resulting arc (of the sum or difference) and 
then divided by (the Rsine of) the colatitude gives the the Moon's 
udayajya* 

The Moon's udayajya is the Rsine of that part of the local 
horizon which lies between the east point and the rising point of the 
Moon's orbit. 

Rules for finding the madhyajyas of the Sun and the Moon: 

16(ii)-18. Calculate the Rsine of the celestial latitude (of 
the Moon) from the longitude of the meridian-ecliptic point minus 
the longitude of the Moon's ascending node. 



1 The rationale of this rule is similar to that of the Sun's agra. See 
stanza 37 of Chapter III. 

2 This rule is approximate as the declination of the rising point of 
the Moon's orbit is not exactly equal to the sum or difference of the 
declination arid Moon's latitude corresponding to the rising point of the 
ecliptic. 
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When the declination of the meridian-ecliptic point and 
the local latitude are of like direction 1 , take their sum; in the 
contrary case, take their difference; (and determine the Rsine of 
that sum or difference). This is the Sun's madhyajya which has 
the same direction as the above sum or difference. 

In the case of the Moon, take the sum or difference of 
the local latitude, the declination (of the meridian-ecliptic 
point), and the (Moon's) latitude (corresponding to the meridian 
-ecliptic point) on the basis of likeness or unlikeness of direc- 
tion; and then determine the Rsine of the resulting arc. This is 
the (Moon's) madhyajya, which has the same direction as the 
resulting arc. 2 

The Sun's madhyajya is the Rsine of the zenith distance of the meri- 
dian-ecliptic point. The Moon's madhyajya is the Rsine of the zenith 
distance of the meridian point of the Moon's orbit. 

A rule for the determination of the drkks.epajyas of the Sun 
and the Moon : 

19. Take the product of (the Sun's or Moon's) own 
madhyajya and vdayajya, then divide (the product) by the 
radius, and then take the square (of the quotient). Subtract 
that from the square of the (own) madhyajya : the square root of 
that (difference) is known as (the Sun's or Moon's) drJchtepajya* 



1 The direction of the local latitude is always south; the direction 
of the decimation of the meridian-ecliptic point is north or south 
according as the meridian-ecliptic point is to the north or south of the 
equator. 

a The rule for the Moon's madhyajya is approximate, because the 
arcual distance between the points where the meridian intersects the 
ecliptic and the Moon's orbit is not equal to the Moon's latitude corres- 
ponding to the meridian-ecliptic point. 

3 This rule too is approximate and has been criticised by 
Brahmagupta. (See BrSpSi, xi. 29, 30). The rationale of the rule is 
as follows: Let Z be the zenith, M the meridian point of the ecliptic 
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The Sun's drkksepajya is the Rsine of the zenith distance of that 
point of the ecliptic which is at. the shortest distance from the zenith. 1 The 
Moon's drkksepajya is the Rsine of the zenith distance of that point of 
the Moon's orbit which is at the shortest distance from the zenith. 

A rule for finding the drgjyas (i.e., the Esines of the zenith 
distances) of the Sun and the Moon : 

20-22. Calculate the Rsine of the Sun's zenith distance 
(drgjy^) from the riadis elapsed (since sunrise in the forenoon) 
or to elapse (before sunset in the afternoon) in accordance with 
the method stated before. 2 The method for (finding the Rsine 
of the zenith distance of) the Moon is now being described. 

Take the sum or difference of the celestial latitude and 
declination of the Moon for the time of geocentric conjunctiqn 
(of the Sun and Moon) according as they are of like or unlike 
direction. The Rsine of the resulting sum or difference is (the 
Rsine of) the Moon's (true) declination. From that calculate 
the day-radius, the earthsine, and the asus of the ascensional 
difference. With the help of these and the riacfts elapsed 
(since sunrise in the forenoon) or to elapse (before sunset in the 
afternoon) obtain the Rsine of the zenith distance. (This is 
the Rsine of the Moon's zenith distance). 3 



(or Moon's orbit) and C the point of the ecliptic (or Moon's orbit) which is 
at the shortest distance from Z. Then in the triangle ZCM, Rsin ZM = 
madhyajya, L.ZCM = 90°, and Rsin £JAZC = udayajya. Therefore 

Rsin (arc MC)= {madhyajya X udayajya)/R. 
The final result is obtained by treating the triangle formed of the Rsines of 
the sides of the triangle ZCM as a plane right-angled triangle (which 
assumption is however incorrect). 

The same rule occurs also in SiDVr, I, v. 5. 

1 -The point of the ecliptic which is at the shortest distance from the 
zenith is called the nonagesimal or the central ecliptic point. 
* Vide supra, chapter III, stanzas 18-25. 

8 This rule for the Rsine of the Moon's zenith distance is evidently 
approximate, 
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A rule for finding the drggatijyas of the Sun and the Moon : 

23. Obtain the difference between the squares of the 
(Sun's as also of the Moon's) own drgya and drhMepajya, and 
then take their square-roots. These (square-roots) are the 
drggatijyas of the Sun and the Moon.i 

The Sun's drggatijya is the distance of the zenith from the plane 
of the secondary to the • ecliptic passing through the Sun. The Moon's 
drggatijya is the distance of the zenith from the plane of the secondary to 
the Moon's orbit passing through the Moon. 

In later astronomical literature, the drggatijya is used to mean the 
Rsine of the altitude of the central ecliptic point (i. e., the point of the 
ecliptic nearest from the zenith) ; and the distance of the zenith from the 
plane of the secondary to the ecliptic is denoted by the term drhnatijya. 

The rationale of the above rule is as follows : In Fig. 18, 2 CS is the 
ecliptic and K its pole ; S is the Sun and Z the zenith ; KZC and KS are 
secondaries to the ecliptic ; and ZA is perpendicular to KS. Since the 
arcs ZC and ZA are perpendicular to CS and AS respectively, therefore 

(Rsin ZA) 3 = (Rsin ZS) 2 — (Rsin ZC) 2 , 

i.e., (Sun's drggatijya) 2 = (Sun's drgjyaf — (Sun's drkksepajyaf. 
Similarly, in the case of the Moon. 

A rule for finding the time of apparent conjunction of the Sun 
and Moon : 

24-27. Severally multiply the own drggatijyas (of the 
Sun and the Moon) by the Earth's semi-diameter and divide 
the products by the respective true distances in yojanas. The 
quotients (thus obtained) are known as the lambanas (of the 
Sun and the Moon) in terms of minutes (of arc), etc. 

Multiply their difference by 60 and divide that by the 
difference between the true daily motions of the Sun and the 
Moon. Thus are obtained the ghatis etc. (of the lambana). In 
the forenoon, subtract them from, and in the afternoon, add 

1 This rule occurs also in SiDVr, I, v. 6(i), 

2 See infra, p. 165, 
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them to the time of geocentric conjunction of the Sun and 
Moon. (Then is obtained the first approximation to the time 
of apparent conjunction). 

The lambana computed for the middle of the day is 
subtracted from the time of geocentric conjunction when the 
Moon's udayajya is north and added when south. 

Repeat this process until the nearest approximation (to 
the lambana for the time of apparent conjunction) is arrived at. 1 

The corresponding displacements should be given by the 
learned to (the longitudes of) the Sun and the Moon, as in the 
case oi the tithi (i.e., the time of conjunction of the Sun and 
the Moon). 2 

The term lambana is the technical term for "parallax in longitude". 
When used alone in connection with a solar eclipse it generally stands for the 
difference between the parallaxes in longitude of the Sun and the Moon. 

The above stanzas aim at finding out the time of apparent conjunc- 
tion of the Sun and Moon. This involves a knowledge of the lambana 
for that time. For, 

time of apparent conjunction = time of geocentric conjunction 
=+: lambana in time for the time of apparent conjunction, 
where -f or — sign is taken according as the Sun and the Moon at 
the time of apparent conjunction he to the west or east of the central 
ecliptic point. 

The lambana for the time of apparent conjunction depends on the 
time of apparent conjunction itself. But as the time of apparent conjunc- 
tion is unknown, the corresponding lambana cannot be obtained directly 
and recourse is taken to the method of successive approximations stated 
in the text. 



1 The literal translation would run as follows : Repeat this process 
until the time of apparent conjunction is fixed. 

2 What is meant is that after the first approximation to the time 
of apparent conjunction is obtained, the corresponding longitudes of the 
Sun and the Moon should be calculated and the process repeated. 
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To begin with, the ' time of geocentric conjunction is taken as the 
first approximation to the time of apparent conjunction and the corres- 
ponding lambana is obtained by the following formula : 



lambana = 



Moon's d rggatijya X Earth's semi-diamete r 
Moon's true distance in yojanas 
Sun's drggatijya x Earth's semi-diameter 
Sun's true distance in yojanas 



minutes. 



This formula may be derived as follows 

Consider Fig.18.CS isthe ecliptic, 
C and S being the central ecliptic 
point and the Sun at the time of 
geocentric conjunction (treated as 
the time of apparent conjunction). 
K is the pole of the ecliptic and 
Z the zenith. S' is the position 
of the Sun as observed from the 
local place. ZA and S'B are 
perpendiculars on the secondary 
to the ecliptic passing through S' 
(i.e., on KS); S'D is perpendicular 
to the ecliptic. 




Fig. 18 



In the triangle S'DS right-angled at D, SS' denotes the Sun's parallax 
in zenith distance and SD denotes the Sun's parallax in longitude 
{lambana). 

From the triangles SBS' and SAZ, right-angled at B and A 
respectively, we have 

. . „ c/ , Rsin (arc AZ) x Rsin (arc SS') 

Rsin (arc BS)= 1 — _— — -i '. 

Rsin (arc ZS) 

But Rsin (arc BS')= BS' or SD approximately. Therefore, 

Sun's lambana- (^ un ' s drggatijya) X Rsin (arc SS') approx _ 

Rsin (arc ZS) 

But 

_ . . cc ,. Earth's semi-diameter X Rsin (arc ZS) 

Rsin (arcSS)= — -— - ; : : 

Sun's true distance in yojanas 

Hence 

_ , , , Sun's drggatijya X Earth's semi-diameter 

Sun s lambana= -°Z — _ : : . • 

Sun's true distance in yojanas 

... CD 
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Similarly, 

Moon's lambana ^ Moon's drggatijya X Earth's semi-diameter 
Moon's true distance in yojanas 

»• (2) 

Subtracting (1) from (2), we obtain the required formula. 

The lambana obtained by the above formula is in terms of minutes 
of arc. When this is multiplied by 60 and divided by the difference between 
the true daily motions of the Sun and the Moon, it is reduced to the corres- 
ponding ghatis. The lambana in ghatis according to the text is to be 
subtracted from or added to the time of geocentric conjunction according 
as it occurs in the forenoon or afternoon. In fact, subtraction or 
addition should be made according as the conjunction occurs to the 
east or to the west of the central ecliptic point. The law of addition and 
subtraction given in the text is, however, more convenient in practice. 

The rule in stanza 26 shows that the author was aware that at noon 
the lambana was different from zero. Still the rule prescribed for the 
application of that lambana in that stanza shows that the author did not 
know the correct law for the addition or subtraction of that lambana. 1 

The application of the lambana for the time of apparent conjunction 
having been thus made to the time of geocentric conjunction, we obtain 
the second approximation to the time of apparent conjunction. The Sim 
and the Moon are then calculated for that time and the method is repeated 
again and again until the nearest approximation to the time of apparent 
conjunction is obtained. 



1 The commentators have, however, tried to interpret the stanza as 
conveying the desired meening. For example, Paramesvara writes : "The 
word indu here stands for the madhyajya. Therefore, subtraction is to 
be made when the madhyajya and the udayajya are of like direction. When 
they are of unlike directions, addition is to be made. This is what has been 
stated here". The word indu means "Moon" and it cannot be interpreted 
to mean "madhyajya" . There is no scope for such a meaning. More- 
over, Paramesvara says that subtraction or addition is to be made accord- 
ing as the madhyajya and udayajya are of like or unlike directions. In 
fact, there is no reference to any directions, like or unlike. The words 
used are udak and daksiae which mean "in the north" and "in the south" 
respectively and not "like direction" and "unlike directions" as Parames- 
vara has supposed. 
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A rule for finding the true nati : 

28-32. Multiply the drJcfo.epajyas (of the Sun and the 
Moon), obtained by the method of successive approximations, 
(severally), by the Earth's semi-diameter, and divide (the resulting 
products) by the true distances in yojanas (of the Sun and the 
Moon respectively) : the quotients are in minutes of arc (the 
parallaxes in latitude of the Sun and the Moon). Take their 
difference, provided that the madhyajyas of the Sun and 
the Moon are of like direction ; in the contrary case, take then- 
sum : thus are obtained the minutes of the avanati (or nati). 
(As regards the direction of the nati) take the direction of the 
Moon's (madhyajya). 

Multiply the Rsine of the longitude of the Moon minus 
the longitude of the Moon's ascending node by 270, and then 
divide that product by the Moon's true distance in minutes. 
Thus is obtained the true celestial latitude of the Moon. This 
increased by that {nati) (provided the two are of like direction) 
is the true nati. In case they are of unlike directions, take 
their difference. The difference is then called the (true) nati. 

Thus is obtained the true avanati (or true nati) for the 
middle of the eclipse as determined from the drkksepa and 
the true latitude of the Sun and the Moon for the time of 
apparent conjunction (literally, the time of geocentric conjunc- 
tion corrected for the km&ema-difference). 

The term nati or avanati means "parallax in latitude". When used 
.alone in connection with a solar eclipse, it denotes the difference betweeu 
the parallaxes in latitude of the Sun and the Moon. The true nati is the 
Moon's latitude corrected for the nati (i.e., Moon's apparent latitude). 
It denotes the arcual distance of the Moon from the Sun's apparent orbit 
due to parallax. 

The formula given for the nati for the time of apparent conjunction 

of the Sun and the moon is 

Moon's drkksepajya X Earth's semi-diameter 

nati — : — ^f_ii — : : 

Moon's true distance m yojanas 

Sun's drkksepajya X Earth's semi-diameter 

Sun's true distance in yojanas 
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The rationale of this formula is as follows : 

Refer to the previous figure. From the triangles S'DS and ZCS, 
right-angled at D and C respectively, we have 

_ . , C/T ., Rsin (arc Z C) X Rsin (arc SSQ 

Rsin (arc S D) or arc S D = i — — , — 

v Rsm (arc ZS) 

But 

« • , Earth's semi-diameter X Rsin (arc ZS) 

Rsin (arc SS ) = - r : • 

Sun's true distance in yojanas 

Therefore, 

c , '. Rsin (arc ZC) X Earth's semi-diameter 

Sun s nati — . 1 - — : : ■ 

Sun's true distance in yojanas 

_ Sun's drkksepajya X Earth's semi-diameter ^ 
Sun's true distance in yojanas 

Similarly, 

, Moon's drkksepajya X Earth's semi -diameter f2 \ 

Moon s nan = : — • r J : : • w 

Moon's true distance in yojanas 

Subtracting (1) from (2), we get the required formula. 

Like the lambana for the time of apparent conjunction, the nati too 
.for that time is determined by the method of successive approximations. 

On the possibility of a solar eclipse : 

33. An eclipse of the Sun will not occur if the (true) 
natHs equal to (or greater than) half the sum of the diameters 
of the Sun and the Moon. It is possible when it (i.e., the true 
nati) is less (than that). 

A rule for the determination of the sparSa-sthityardha and moksa- 
sthityardha : 

34-39. Multiply the square root of the difference detween 
the squares of half the sum of the diameters of the Sun and 
Moon and of the (true) nati by 60 and then divide (the pro- 
duct) by the motion-difference (of the Sun and the Moon) : thus 
are obtained the ghatis of the sthityardha. By these ghatts 
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diminish and increase the time of apparent conjunction as 
obtained by the method of successive approximations. Then 
are obtained the (approximate) times for the first and last 
contacts respectively. Proceeding with them, calculate the (ten) 
Esines (for the Sun and the Moon), etc., (and obtain the nearest 
approximations to the lambanas for the times of the first and 
last contacts). Always add, in the case of a solar eclipse, the 
nadis of the difference between the lambanas for the first con- 
tact and the apparent conjunction to the sthityardha : (the 
result is the sparsa-sthityardha). Also add the (nadis of the 
difference between the) lambanas for the apparent conjunction 
and the end of the eclipse to the sthityardha : the result is the 
moksa-sthityardha. The sthityardhas thus obtained are very 
accurate : I say this raising my hands aloft (i.e., with firm 
determination). 

When the first contact and the apparent conjunction 
occur in different halves (eastern and western) of the celestial 
sphere, then the entire lambana (in nadis) for the time of the first 
contact is added to the 'sthityardha. Similarly, when the last 
contact and the apparent conjunction occur in different halves 
of the celestial sphere, the entire lambana (in nadis) for the time 
of the last contact is always added to the sthityardha. The same 
procedure is also adopted when the apparent conjunction occurs 
at noon. 

The term sthityardha means "half the duration (of an eclipse)", The 
sparsa-sthityardha is the interval of time between the first contact and 
the apparent conjunction. The moksa-sthityardha is the time-interval bet- 
ween the apparent conjunction and the last contact. 

A rule for the determination of the vimardardha : 

40. The nadis of the vimardardha are to be determined 
from the square root of the difference between the squares 
of (i) the difference between the semi-diameters of the eclipsed 
and eclipsing bodies and (ii) the Moon's latitude (corrected for 
the nati). 
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The term vimardTirdha means "half the duration of the totality of 
an eclipse", i.e., the time-interval between the immersion and the apparent 
conjunction or between the apparent conjunction and the emersion. The 
time-interval between the immersion and the apparent conjunction is 
called the sparsa-vimardardha and that between the apparent conjunction 
and the emersion is called the moksa-vimardSrdha. 

The above stanza gives the method for finding the first approxima- 
tion to the vimardardha in minutes of arc. The corresponding riadis 
are obtained by multiplying that by 60 and dividing by the difference 
between the true daily motions of the Sun and the Moon. The nearest 
approximations to the sparsa- and moksa-vimardardhas are obtained as in 
the case of the sthityardhas. 

A rule for knowing the time of actual visibility of the first 
contact in "the case of a solar eclipse : 

41. On account of the brightness of the Sun, the time 
of (actual visibility of) the first contact (in the case of a solar 
eclipse) is the (computed) time of the first contact plus the 
time corresponding to the minutes of arc amounting to one-eighth 
of the Sun's diameter. 

Aryabhata I says : "When the moon eclipses the Sun, even though 
one-eighth part of the Sun is eclipsed this is not perceptible because of the 
brightness of the Sun and the transparency of the Moon's circumference." 1 

A rule for finding the magnitude and direction of the aksa- 
valana : 

42-44. Multiply the Rversed-sine of the asus intervening 
between midday and the tithi (i.e., the time of the first 
contact, the middle of the eclipse, or of the last contact) by (the 
Rsine of) the (local) latitude and divide that (product) by the 
radius. Reduce the resulting Rsine to the corresponding arc 
(called ahia-valana) and determine its direction. 

When the above asm exceed (those corresponding to) a 
quadrant, add the Rsine of the excess to the radius and operate 
as before ; and then find the direction. 



» Xiv. 47, 
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The direction (of the aksa-valana) for the middle of the 
ecliptic is the same as that for the first contact. 

In the forenoon, the directions (of the aksa-valana) in the 
eastern and western halves of the disc (of the eclipsed body) 
are north and south respectively. To the west of the sky (i.e., 
in the afternoon), the aksa-valana is always of the contrary 
direction.^ 

The great circle of the celestial sphere which has the centre of the 
eclipsed body as one of its poles is called the horizon of the eclipsed body. 
Suppose that the prime vertical, the equator, and the ecliptic intersect 
the horizon of the eclipsed body 8 at the points E ls T l5 and Y t respectively 
towards the east of the eclipsed body. Then the point E x is called the 
east point of the horizon of the eclipsed body ; the arc E^ (which denotes 
the deflection , of the equator from the prime vertical on the horizon of 
the eclipsed body) is called the aksa-valana \ and the arc T^Y 1 (which 
denotes the deflection of the ecliptic from the equator along the same 
circle) is called the ayana-valana. 

The formula for the aksa-valana stated in the text is 
Rsin (aksa-valana) = Rversin g * Rsin * , 

where H denotes the hour angle (nata-kala) and <f> the local latitude. 

This formula is based on inference. Early Hindu astronomers noted 
that when the eclipsed body was at the intersection of the meridian and the 
equator, the Rversed-sine of the hour angle was zero and the Rsine of the 
aksa-valana was also zero ; and that with the increase of the Rversed-sine 
of the hour angle the Rsine of the aksa-valana also increased ; and further 
that when the eclipsed body was at the intersection of the horizon and the 
equator, the Rversed-sine of the hour angle was equal to its maximum 
value R and the Rsine of the aksa-valana was also maximum and equal 
to the Rsine of the latitude. They, therefore, supposed that the Rsine of 
the aksa-valana varied as the Rversed-sine of the hour angle, and to obtain 
the Rsine of the aksa-valana for the desired time they made use of the 

» The same rule is found also in &DVr. , J, iv. 23 and Si&e, v. 18. 
* By the eclipsed body here is meant the position of the eclipsed 
body on the ecliptic. 
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proportion : When the Rversed-sine of the hour angle amounts to R, the 
Rsine of the aksa-valana equals the Rsine of the latitude, what then would 
be the value of the Rsine of the aksa-valana corresponding to the Rversed- 
sine of the desired hour angle ? Hence the above formula. 

The above formula can be easily seen to be incorrect. It was first 
modified by Brahmagupta, who replaced Rversin H by Rsin H. x Better 
and accurate formulae were given by Bhaskara II. a 

The rules for the direction of the aksa-valana can be seen to be true 
by means of a diagram. 

A rule for the determination of the magnitude and direction 
of the ayana-valana : 

45. The (Sun's) decimation determined from the Rversed- 
sine of the longitude of the Sun or Moon as increased by three 
signs (treated as the Rsine of the bhuja) (is the ayana-valana). 
Its direction in the eastern half (of the disc of the eclipsed 
body) is the same as that of the ay ana (of the Sun or Moon); 3 
in the other half, it is contrary to that. 4 

That is, 

n . v , x Rsin 6 x Rversin (a+90°) 

Rsin (ayana-valana) = ± i — ! - , 

R 

where £ denotes the obliquity of the ecliptic and a the sayana longitude of 
the eclipsed body (the Sun or Moon). 

This formula also is based on inference. The proportion- used is the 
" following : "When Rversin (A+90 ) is equal to R, the Rsine of the 
ayana-valana is equal .to the Rsine of the obliquity of. the ecliptic, what 
then would be the Rsine of the ayana-valana corresponding to the desired 
value of the Rversed-sine ?" 



1 See BrSpSi, iv. 16. 

2 See Si&i, /, v. 20-21(i); //, viii. 68; and //, viii. 66(ii)-67. 

3 The ayana of a planet is north or south according as it is in the 
half-orbit beginning with the (sayana) sign Capricorn or in that beginning 
with the (sayana) sign Cancer. 

* This rule occurs also in kiDVr, I, iv. 25 and SiSe. t v. 20. 
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This formula also is incorrect. It was modified by Brahmagupta * 
who replaced Rversin (A+90°) in the fonnula by Rsin (A+90°). An 
accurate expression for the ayana-valana was given by Bhaskara 11(1150 
A. D.). 8 

A rule for finding the value of the resultant vahna {spastp-valana) 
for the circle drawn with half the sum of the diameters of the 
eclipsed and eclipsing bodies as radius : 

46-47. When they (i.e., the aha-vahna and the ayana- 
valana) are of unlike directions, take the difference of their arcs; 
in the contrary case, take their sum. 3 Multiply the Rsme of 
that (sum or difference) by half the sum of the diameters of the 
eclipsed and eclipsing bodies and divide (the product) by the 
radius. Add whatever is thus obtained to the (Moon's true) 
nati, provided that they axe of like directions; in the contrary 
case, take their difference : the resulting sum or difference is 
the valana. 

The sum or difference of the aksa-valana and the ayana-valana accord- 
ing as they are of like or unlike directions gives the so called spasta-valana, 
ie the amount of deflection of the ecliptic from the prime vertical 
on the horizon of the eclipsed body. When the Rsine of that is multiplied 
by half the sum of the diameters of the eclipsed and eclipsing bodies and 
the product divided by the radius, we get the corresponding deflection- on 
the circumference of the circle drawn with half the sum of the diameters 
of eclipsed and eclipsing bodies as radius. The sum or difference of this 
and the Moon's true nati according as the two are of like or unlike direc- 
tions gives the distance of the centre of the eclipsing body from the east- 
west line passing through the centre of the eclipsed body. So hasfceen 
assumed in the above rule. 

The direction in the rule for adding or taking the difference of the 
reduced spasta-valana and the Moon's true nati is wrong. The two quanti- 
ties should "be kept separately and laid off properly one after the other 
(in the projected figure). 



1 See BrSpSi, iv. 17. 

a See S/&, /, v. 21(u>22(i). 

» This rule occurs also in BrSpSi, iv. 18 (i) and SiDV^ I. iv. 26. 
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The next twenty stanzas ralate to the projection (i.e., graphical 
representation) of an eclipse. 

A method for ascertaining the centre of the eclipsing body for 
the times of the first and last contacts (called the sparSa-bindu 
and the moksa-bindu respectively) : 

48-53. By means of a pair of compasses, whose smooth 
and large body is graduated with anguhs and subdivisions there- 
of and which is embellished by the pointed end of a smoothened 
chalk-stick placed into its mouth, construct on the ground a 
circle with half the measure, in angulas, of the eclipsed body 
as radius, and another (concentric circle) with half the sum of 
the diameters of the eclipsed and eclipsing bodies as radius. 
(Through the common centre) then draw the east-west line and, 
with the help of a fish-figure, the north-south line. From the 
centre then lay off the valana (for the first or last contact) to- 
wards the north or south (according -to its direction) ; draw a 
fish-figure there; and (through its head and tail) carefully 1 
draw a line to meet the outer circle. At the meeting point 
of the outer circle and that line set a point. (This is the- 
centre of the eclipsing body for the time of the first or last 
contact). From that point stretch out a line to reach the 
centre. Where this line is seen to intersect the circumference 
of the eclipsed body, lies the point of contact or separation 
of the Sun's disc. 

One minute of arc should be taken as equivalent to one 
half of an ungyia ox as it appear |a : %&-»ky..- . ; 

A method for determining the centre of the eclipsing 
body for the middle of the (solar) eclipse (called the madhya- 
bindu) : 

54-57. The valana for the middle of the eclipse is taken 



1 The word "carefully" indicates that when the valana corresponds 
to the first contact, the line should be drawn towards the west or east 
according as the eclipse is solar or lunar ; but when the valana corresponds 
to the last contact, the line should be drawn in the contrary direction. 
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without the addition or subtraction of the nati. When that 
and the nati are of like direction, the (madhya)valana should 
be laid off towards the east ; when they are of unlike directions, 
it is stretched out from the centre towards the west. With the 
help of a fish -figure (drawn about the point thus obtained), 
a line should then be drawn in the direction of the nati. From 
the meeting point of that with the outer circle, the intelligent 
should then draw a line to reach the centre (of the circle). 1 The 
nati should then be laid off from the centre along that line. 
At the end of that lies the centre of the eclipsing body at the 
middle of the eclipse (i.e., the madhya-bindu). The two points 
(already marked) are the centres of the eclipsing body for the 
times of the first and last contacts (i.e., the sparia-bindu and 
(moksa-bindu). 

When the nati (for the middle of the eclipse) is of south 
direction , it should be % laid off towards the south ; when it is 
of north direction, it is laid off towards the north. 

Points of difference of procedure in the case of a lunar eclipse : 

58. This (i.e., the previous rule) is the method for the 
middle of the eclipse in the case of a solar eclipse. In the case 
of a lunar eclipse, the points of the first contact, the middle of 
the eclipse, and the last contact should be clearly indicated 
reversely. 

That is, in the case of a lunar eclipse, the following procedure should 
be adopted : To begin with, the madhya-valana should be laid off towards 
the west or east, according as the madhya-mlana and the nati are of like 
or unlike directions. With the help of a fish-figure drawn about the point 
thus obtained a line should then be drawn through that point in the direc- 
tion contrary to the direction of the Moon's latitude. From the meeting 
point of that line with the outer circle a line should then be drawn to reach 



1 This line is prependicular to the ecliptic at the time of the middle 
of the eclipse. 



PROJECTION OF ECLIPSES 



175 



the centre of the circle. The Moon's latitude for the middle of the eclipse 
should then be laid off from the centre along that line. 

Construction of the phase of the eclipse for the time of the 
middle of the eclipse : 

59-60. Quickly cut off the eclipsed body by means of 
a pair of compasses (one leg of) which is placed at the madhya- 
bindu and (the other leg of) which is streched out by half the 
specified true measure of the eclipsing body. The portion 
thus cut off (in case the eclipse is partial), or the entire disc 
of the eclipsed body drawn (likhitam) on the projection (in 
case the eclipse is total) — all of that is clearly seen (in the sky) 
in that way at the time of the middle of the eclipse. 

By the world likhita, says Paramesvara, is meant a total eclipse, or, 
in case the Moon's latitude is zero and the disc of the eclipsed body is 
larger, an annular eclipse. 

Construction of the path of the eclipsing body : 

61. Draw (an arc of) a circle passing through the three 
points set down above with the help of two fish-figures : this 
is the path of the eclipsing body. The phase of the eclipse for 
the given ' time is ascertained (by determining the position of 
the eclipsing body on that path and drawing its disc with its 
centre) there. 1 

A method for calculating the phase of the eclipse for the given 
time : 

62-63. Multiply the difference between the (true) daily 
motions of the Sun and the Moon by thesthityardha-ghatts* minus 
the given time (istakala) and divide the product by sixty. Add 
the square of the • quotient to the square of the Moon's nati 
(corrected latitude) (for the given time) and then take the square 
root of that (sum). This (square root) is (the length of) 



1 This rule occurs also in !$iDV{, J, iv. 34. 
\ * That is, ghafis corresponding to the sthityardha* 



176 



ECLIPSES 



the needle joining the centres of the eclipsed and eclipsing 
bodies at the given time in the case of solar and lunar eclipses. 
(Subtract that from half the sum of the diameters of the eclipsed 
and eclipsing bodies). The remainder is the phase of the eclipse 
foT the given time. 1 

By the given time is meant the time elapsed since the first contact 
or the time to elapse before the last contact. 

Construction of the phase of an eclipse for the given time : 

64-65. Stretch out a fine bamboo needle (equal in length 
to that joining the centres of the eclipsed and eclipsing bodies 
at the given time) obliquely from the centre in such a way 
that its end may fall on the so called path of the eclipsing 
body. Taking the centre at that point, cut off the eclipsed 
body by means of a circle drawn with half the diameter of the 
eclipsing body as radius. As much portion is thus cut off, so 
much of the eclipsed body is seen to be eclipsed (in the sky). 

Construction of the phase of a (solar) eclipse for the time of 
immersion or emersion : 

66-67. The sthityardhu in terms of minutes of arc minus 
the minutes of the vimardardha is the means for projecting the 
phase of the eclipse for that time (i.e., immersion or emersion). 
The Sun's disc should be cut off with the help of that 
(i.e., that should be laid off from the sparfa or moksa bindu along 
the path of the eclipsing body towards the centre and the 
point thus obtained should be treated as the centre of the 
eclipsing body for that time). The disc of the Sun should be 
cut off by means of a pair of compasses. The seizure (of the 
Sun) occurs on the western side of the disc and the separation 
on the eastern side. 

The remaining chapter deals with the lunar eclipse. 

1 This rule is found also in BrSpSi, iv. 11-12; kiDVr,, I, iv. 19-20; 
SiSe, v. 14. ' , 
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(2) ECLIPSE OF THE MOON 

Points of difference of procedure in the case of a lunar eclipse : 

68-70. Similarly, in the case of the Moon, which is the 
mirror for the face of the directions and exhibits (or bears) all 
excellent phases and whose round body looks like the face of a 
damsel, too, the (ten) Rsines should be found out. The points 
of difference (in the procedure) are being stated. 

The (five) Rsines relating to the shadow should be deter- 
mined as arising from the Sun's orbit. (In place of the Sun's 
distance) the Moon's distance is stated to be the divisor. The 
hmbana, determined as in the case of the Sun, should be added 
or subtracted reversely. 

• Use of parallax in a lunar eclipse prescribed in the above stanzas 
is obviously wrong. Paramesvara comments : "Thus in the case of a 
lunar eclipse also, the use of parallax is stated here. This, say the profi- 
cients in Spherics, is improper". 

It must be mentioned that the application of parallax in the case of 
a lunar eclipse has not been prescribed in any other work on Hindu 
astronomy, not even in the smaller work of the present author. 

A rule for the determination of the diameter of the shadow, 
i.e., the diameter of the section of the Earth's shadow where 
the Moon crosses it : 

71-73. Multiply the Sim's (true) distance in yojanashj 
the Earth's diameter and divide by the difference of their 
diameters : thus is obtained the length of the Earth's shadow. 
Or, multiply the Sun's (true) distance in yojanas by 5 and divide 
by 16 : the result is called the length of the Earth's shadow, 

From that (length of the Earth's shadow) subtract the 
Moon's distance. Multiply the remainder by the Earth's dia- 
meter and divide (the product) by the length of the (Earth's) 
shadow. Multiply the resulting quotient by the radius and 
divide (the product) by the Moon's distance (in yojanas) : this 
is (the diameter of) the shadow (in minutes of arc). 
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That is, 
the diameter of the shadow 

{ length of Earth's shadow — Moon's distance } 

X Earth's diameter 

length of Earth's shadow 

where 

length of Earth's shadow = Sun's distance x Earth's diameter 

Sun's diameter — Earth's diameter 

This result is approximate and is the same as that given by Aryabhata 
I. 1 It is usually derived by the following method (called "the lamp and 
shadow method") : 

Consider Fig. 19. S is the centre of the Sun and E that of the Earth. 
SA and EB are drawn perpendicular to SE and denote the semi-diameters 
of the Sun and the Earth respectively. BL is parallel to ES. O is the 
point where SE and AB produced meet each other. 



A 




Fig. 19 

Hindu astronomers compare SA with a lamp-post, EB with a gno- 
mon, and EO with the length of the shadow cast by the gnomon due to 
the light of the lamp. Consequently, they call EO <l the length of the 
shadow". 

The triangles BEO and ALB are similar,' therefore 
EO_BL 
BE LA 
= SE 
SA — EB 

Therefore EO = , SE x BE _ _SEx2BE_ 

SA — EB 2SA — 2EB 

i.e., length of Earth's shadow = Sun ' s distance x Earth 's diameter 

Sun's diameter — Earth's diameter ' 



1 See A, iv. 39-40. This rule is found also in BrSpSi, xxiii. 8-9; and 
kiDVr, I, iv. 6 (u>7. 
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Now consider Fig. 20. AC and BD are the diameters of the Sun 
and the Earth. BOD is the shadow-cone 1 , O its vertex. S and E are 
the centres of the Sun and the Earth. M is the point where the Moon 
crosses the shadow cone. MN is perpendicular to the axis of the shadow- 
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Fig. 20 

cone and denotes the diameter of the section of the shadow cone where 
the Moon crosses it. It is called the diameter of the shadow. 

The triangles MON and BOD are similar, so that 



Therefore, 



MN_ 
KO~ 

MN= 



BD 
EO 

.KOxBD 
EO 

, (EO — EK) x BD 
EO 

: (EO~ EM)xBD 
EO 



approx. 



i.e. 3 the diameter of the shadow 

_ { length of Earth's shadow — Moon's distance } x Earth's diameter 
length of Earth's shadow 

The approximations made in the above procedure are obvious. 2 

The diameter thus obtained is in yojanas. To reduce it to minutes 
of arc we have to multiply it by the radius (i.e., 3438') and divide by the 
Moon's distance in yojanas. 



1 Approximately. 

2 The formula for the diameter of the shadow stated above was 
modified and refined by Munisvara (1646 A. D.) and Kamalakara (1658 
A. D.). The latter astronomer gave an accurate expression for the 
diameter of the shadow (in SiTV, ix. 29-33). 
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Views of other astronomers regarding the calculation of 
a lunar 'eclipse : 

74. Others give instruction in the lunar eclipse without 
the use of the ten Rsines, because it causes little difference in 
the result (and is simpler). There (i.e., in the rule stated by 
them) the sparSa- and moksa-sthityardhas arising from (the 
Moon's latitude for) the time of opposition of the Sun and Moon 
(lit. middle of the eclipse) should be operated upon by the 
method of successive approximations. 

Details of the process of successive approximations referred 
to above : 

75-76. Multiply the (true) daily motion (of the Moon) 
by the time (in ghatis) of the sthityardha and divide the product 
by 60. Subtract the quotient from or add that to the Moon's 
(true) longitude for the time of opposition (of the Sun and 
Moon), according as it is the first or last contact. From that 
find out the Moon's latitude ; and therefrom (again) calculate 
the sthityardha. (In this way repeat the above process again 
and again until two successive approximations agree). This 
is the process of successive approximations. Similar again 
is the process of (determining) the {sparia- and mohsa-) vimar- 
ddrdhas. 1 

A rule relating to the direction of the Moon's latitude to be 
taken in the projection of a lunar eclipse : 

77. While projecting an eclipse (of the Moon), the best 
amongst the. learned should take the direction of the Moon's 
latitude to be north when it is south, and south when it is 
north. 



1 For details see our notes on LBh, iv. 10-12. The rule stated here 
is found also in BrSpSi, iv. 8-9 ; SiDVr, I, iv. 14-16 ; SiSe, v. 12-13; SiSi, 
I, v. 12-13. 
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Concluding stanza in praise of the methods for calculating and 
projecting an eclipse that have been stated above : 

78. This procedure regarding the Sun, the Moon, and 
the shadow, which has come down (to us) by tradition, has been 
stated here having cast off pride and jealousy. A learned 
person who acquires a mastery of this (procedure) shall become 
a (proficient) astronomer well versed in all astronomical methods. 
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RISING, SETTING AND CONJUNCTION OF PLANETS. 

A rule relating to the visibility-correction known as aksa- 
drkkarma : 

l-2(i). Multiply the Moon's latitude for the desired time 
by the Rsine of latitude of the local place, and divide (the 
product) by the Rsine of the colatitude ; whatever is thus 
obtained, say the. learned, should be subtracted (from the 
Moon's longitude) in the case of rising of the Moon (i.e., in the 
eastern hemisphere) and added (to the Moon's longitude) in 
the case of setting of the Moon (i.e., in the western hemisphere), 
provided that the Moon is to the north of the ecliptic (i.e., if 
the Moon's latitude is north). When the Moon is to the south 
of the ecliptic, the law (of addition and subtraction) is the 
reverse. 1 

The correction stated in the first three stanzas of this chapter is 
called "the visibility-correction (drk-karma)". When we apply this correc- 
tion to the true longitude of the Moon, we obtain the longitude of that 
point of the ecliptic which rises or sets with the apparent Moon. 

The visibility- correction is generally broken up into two compo- 
nents : (1) the visibility-correction due to the latitude of the local place 
(aksa-d?kkarma), and (2) the visibility-correction due to the Sun's 
northward or southward course (i.e., ecliptic-deviation) (ayana-drkkarma). 

Let Fig. 21 represent the celestial sphere for the local place. SEN 
is the eastern horizon and Z the zenith ; T'E is the equator and P its 
north pole ; TT is the ecliptic and K its north pole. Suppose that the 
Moon is rising at the point M' on the horizon. Let M be the point where 
the secondary to the ecliptic (kadambaprota-vrtta) drawn through M' 
intersects the ecliptic, L the point where the hour circle (dhruvaprota-vrtta) 



1 The same rule is found to occur in BrSpSi, vi. 4 ; SiDVi;, I, vii. 
3 (ii) ; MSi, vii. 4 ; SiSe, ix. 7. 
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drawn through M' 
intersects the ecliptic 1 , 
and T the point where 
the horizon intersects 
the ecliptic. 2 Then the 
arc MT of the ecliptic 
denotes the total visi- 
bility-correction ; the 
arc ML denotes the 
visibility — correction 
due to ecliptic-deviation 
(ayana-drkkarma); and 
the arc LT denotes the 
visibility correction 
due to the latitude of 
the local place (aksa- 
drkkarma). The visi- 
bility-correction for a 
planet is defined in the same manner. 




Fig. 21 



The correction stated in the above stanzas is the aksa-drkkarma 
for the Moon. The formula stated is 



aksa-drkkarma — 



Rsin $ x Moon's latitude 
Rcos 



where ^ is the latitude of the local place. 

This formula is approximate. Let A be the point where the diurnal 
circle through M intersects the hour circle through M\ B the point where 
the diurnal circle through M intersects the horizon, and C the point where 
the hour circle through B intersects the diurnal circle through M\ Then 
proceeding as for finding the earthsine, it can be easily shown that 

Rsin <ft x Rsin (arc BC) approx 

Rcos <f> 
Rsin <f> X Moon's latitude 



arc CM' 



Rcos (f> 



approx. 



1 The point L is called ayana-graha or ayana-graha. See SiDVr, 1. 



vn. 2,4. 



8 T is called drg-graha. See SiDVr, I, vii. 4. 
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It follows that the formula given in the text actually gives an 
approximate value of the arc CM' or AB. 1 

The rule stated in the text has been generally used in the cases 
where the latitude of the body concerned is small. In the cases of fixed 
stars whose latitudes may be considerable, a more accurate rule is pres- 
cribed. 8 

When the Moon's latitude is north, the longitude of the point T 
is smaller or greater than the longitude of the point L according as the 
Moon M' is rising or setting ; and when the Moon's latitude is south, the 
longitude of the point T is respectively greater or smaller ; hence the 
rule of addition and subtraction stated in the text. 
A rule relating to the visibility correction known as ayana- 
drhJcarma : 

2(ii)-3. Divide the product of the R versed-sine of the 
Moon's longitude diminished by three signs, the Bsine of the 
Sun's greatest declination, and the Moon's latitude by the 
square of the radius. Whatever is thus obtained, say the learned, 
should be subtracted from the Moon's longitude provided that 
her ayana and latitude are of like direction; in the contrary case, 
that result should always be added to the Moon% longitude. 8 

1 That this formula gives an approximate value of arc AB may be 
demonstrated as follows : 

Since MM' is small, we may treat the triangle M'BA as plane. Then 
from the triangle M'BA, we have 

AB - Rsin L BM'AxM'A 
Rsin [__ M'BA 
_Rsin L> BM'AxM'M 

Rsin Z^M'BA 
_ Rsin </> x Moon's latitude a p prox 
Rsin (f> 

See E. Burgess, SuSi, vii. 7-12, notes, 

2 See BrSpSi, x. 18-19 ; kiDVr, I, xi. 12-13 ; and SiSi, T, vii. 6. 
Bhaskara II has given a slightly modified formula for small latitudes also. 
See SiSi, L vii. 7. The most accurate formula for the aksa-drkkarma 
occurs in SiTV, vii. 103-104. 

* This rule occurs also in SiDVr, I, vii. 2-3(i) and SiSe, ix. 4, 5. 
The same rule in a modified form occurs in BrSpSi, vi. 3 ; x. 17 and in 
MSi, vii. 2, 3. More accurate rules occur in SiSi, I, vii. 4, 5 and in 
SiTV, vii. 77-80. 
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That is 

ayana-drkkarma - Rversin (M 90 °) X Rsin X Moon's latitude 

R X R 

where M denotes the Moon's (sayand) longitude and £ the Sun's greatest 
declination. 

This formula is also approximate. Referring to the previous figure, 
we have 

arc MA ^ £MM'A x Rsin (arc MMQ approx . 
R 

Rsin £_KMP X Rsin (arc MM') approx 



R 

ayana-valana x Moon's latitude 



approx. 



~ R 
_ Rversin (Af— 90°) x Rsin £ x Moon's latitud e 
~ R x R ' 

on substituting the value of the ayana-valana. 1 

The formula stated in the text, therefore, is an approximate value 
of the arc MA, or ML, which is the ayana-drkkarma. 

When the ayana* and latitude of the Moon are of like directions, the 
longitude of the point L is smaller than the longitude of the point M ; 
and when the ay ana and latitude of the Moon are of unlike directions, the 
longitude of the point L is greater than the longitude of the point M ; 
hence the rule of addition and subtraction stated in the text. 

The visibility-corrections should be applied as follows. The true 
longitude of the Moon (which corresponds to the longitude of the point 
M of the ecliptic) should be first corrected for the' ayana-drkkarma \ the 
resulting longitude corresponds to that of the point L of the ecliptic. 
This is technically called the polar longitude of the Moon. This polar 
longitude should then be corrected for the aksa-drkkarma : the longitude 
thus obtained corresponds to that of the point T of the ecliptic, which 
rises (or sets) with the Moon's disc. This is technically called the longi- 
tude of the visible Moon (drsya-candra). 

In the text the order of the corrections is reversed. The difference 
is negligible. 

1 Vide supra, chapter V, stanza 45, p. 171, 
» Vide supra, p. 171 (footnote). 
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A rule relating to the visibility of the Moon : 

4-5(i). The Moon's longitude, which is obtained in this 
way after the application of the above-mentioned (visibility) 
corrections, is stated by the learned to be the longitude of 
the visible Moon (i.e., the longitude of that point of the ecliptic 
which rises with the Moon). 

When the pranas 1 (of the oblique ascension) due to the 
degrees intervening between the Sun and the (visible) Moon, 2 
reduced to ghath, amount to two, then the Moon is seen to rise 
in the clear, cloudless, starry sky after sunset. 8 

The latter part of the above passage relates to the visibility of the 
Moon, or, in other words, the heliacal rising of the Moon. On the 
fifteenth lunar day of the dark half of the month, the Moon comes near the 
Sun from behind and is lost in his splendour. After about two days it 
is beyond the limit of invisibility and is again seen in the sky after sunset, 
being in advance of the Sun. 

In order to see whether the Moon will be visible on the first or 
second lunar da*y of the light half of the month, one should calculate the 
(sayana) longitude of the Sun for sunset on that day and also the (sayana) 
longitude of the Moon corrected for the visibility corrections for the same 
time. If the oblique ascension of the part of the ecliptic lying between 
the Sun and the Moon thus obtained is equal to or greater than two 
ghath, the Moon will be ^visible [after sunset jhat day, otherwise not. 
Similarly, in order to test whether the Moon will be visible in the night 
just (before she sets heliacally) on the fourteenth or fifteenth lunar day of 
the dark half of the lunar month, one should calculate the (sayana) 
longitude of the Sun for sunrise following that night and also the (sayana) 
longitude of the Moon corrected for the visibility corrections for the same 
time. V If the oblique ascension of the part >f the ecliptic lying between 
the Sun and the Moon thus obtained is equal to or greater than two 
ghatis, the Moon will be seen before sunrise, otherwise not. 



1 Prana is the same as asu. 
8 Both sayana. 

3 This rule is found to occur also in PSi, v. 3 ; BrSpSi, vi. 6 ; x. 32 ; 
SiDVt, I, vii. 5 ; Si&e, ix. 8(i), 13. 
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A rule for calculating the phase of the Moon : 

5(ii)-7. (In the light half of the month) multiply (the 
diameter of) the Moon's disc by the Rversed-sine of the 
difference between the longitudes of the Moon and the Sun 
(when less than a quadrant) and divide (the product) by the 
number 6876 : the result is always taken by the astronomers to 
be the measure of the illuminated part (of the Moon). When the 
difference between the Moon and the Sun exceeds a quadrant, 
then the Moon's illuminated part is calculated from the Rsine 
of that excess increased by the radius. 1 

After full Moon (i.e., in the dark half of the month) the 
unilluminated part of the Moon is determined from the Rversed- 
sine or Rsine of (the excess over six or nine signs respectively 
of) the difference between the longitudes of the Moon and the 
Sun in the same way as the illuminated part is determined (in 
the light half of th$ month). 

Let the longitude of the Moon minus the longitude of the Sun be 
denoted by D. Then according to the above rule— 

(1) In the light half of the month, the illuminated part of the Moori 

Rversin D X Moon's diameter 
= 6876 ' 

if D <3 sigDS, i.e., if it is the first quarter of the month ; and 
[ R+Rsin ( O-90°)l x Moon's diameter 

= ' 6876 

if D > 3 signs, i.e., if it is the second qjiarter of the month. 

(2) In the dark half of the month, the unilluminated part of the Moon 

Rversin {D- 180°) X Moon's diameter 
= ' 6876 

if D> 6 signs, i.e., if it is the third quarter of the month ; and 
[R+Rsin (£>-270°)] X Moon's diameter 
=' " 6876 
if 2>> 9 signs, i.e., if it is the last quarter of the month. 



1 This rule is found to occur also in BrSpSi, vii. 11(h)- 12 and 
&iDVr, /, ix. 12. 
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To Sum 



Consider Fig. 22. The sphere centred at M is the Moon's globe, 
and E is the centre of the Earth. The lines MS' and ES (which are 
approximately parallel to each other) are 
directed towards the Sun. Half the globe 
of the Moon bounded by the circle ABCD 
and lying towards the Sun is illuminated 
by the rays of the Sun, and half the globe 
bounded by the circle LBTD and lying 
towards E is visible from the Earth. An 
observer on the Earth will, therefore, see 
only that part of the Moon's illuminated 
surface which lies between the semicircles 
BCD and BTD. In fact, he will seethe 
projection of that on the plane of the circle 
LBTD. Let BZD be the projection of the 
semicircle BCD on the plane LBTD. Then 
the observer will see "that 'part of the 
Moon's disc illuminated by the Sun which 
lies between BTD and BZD. This illumi- 
nated part of the Moon's disc is measured 
by the length ZT of the Moon's diameter. 

Fig. 22 . 

From the figure, it is evident that 

L CMZ = [_ FMS' = L. MES, 
so that from the plane triangle CZM right-angled at Z, we have 

MZ - Rcos L CMZ x MC 
R 

Therefore ZT = MT- MZ 

^ (R-RcosZ^ CMZ) x MC 
R 

_ Rversin L CMZ x MC 
R 

_Rversin L MES X MC 




R 



Hence the rule. 



A rule for the determination of the Moon's true declination, 
i.e., the declination of the centre of the Moon's disc : 

8. Take the sum of the arcs of the Moon's declination and 
(celestial) latitude when they are of like directions ; in the 
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contrary case, take their difference. Then take the Rsine of that 
(sum or difference). (This is the Rsine of the Moon's true declina- 
tion). 1 From that calculate the riadis of the ascensional diffe- 
rence of the Moon. 

The Moon's true declination is used in finding the radius of the 
Moon's diurnal circle and the Moon's ascensional difference. The pro- 
cess is the same as that for the Sun. 

A rule for the determination of the base (bahu) and upright 
(koti) to be used in the graphical representation of the eleva- 
tion of the Moon's horns, when the calculation is made in the 
first quarter of the month for sunset : 

9-12. (Calculate the longitudes of the Sun and the visible 
Moon for sunset on the day of calculation). By the help of the 
asus intervening between the Sun and the (visible) Moon 
always find out, in the manner stated before, the Rsine of the 
Moon's altitude. Then divide the product of the Rsine of 
Moon's true altitude (thus obtained) and the Rsine of the 
(local) latitude by the Rsine of the colatitude : thus is obtained 
the Moon ianhvagra, which is always to the south of the Moon's 
rising-setting line. Then multiply (the Rsine of) the Moon's 
true declination by the radius and divide (the resulting product) 
by the Rsine of the colatitude: thus is obtained the so called 
Rsine of the agra of the (apparent) Moon lying to the north 
or south (of the ecliptic). Take their sum (i.e., the sum of the 
Rsines of the Moon's sanhvagra and agra) when they are of 
like directions, and the difference when they are of unlike direc- 
tions. Then reversely add or subtract the Rsine of the Sun's 
agra. Then is obtained the true value of the Moon's base 
{bahu). Then Rsine of the Moon's altitude is the upright (koti). 

The asus intervening between the Sun and the visible Moon are the 
asus of the oblique ascension of that part of the ecliptic which lies between 

1 This rule occurs also in BrSpSi, vii. 5 ; &DVr, I, viii 2 • Si'&e x 
7. It is obviously approximate. A better and more accurate rule occurs 
m SiSi, I, vii. 3 and 13. 
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the Sun and the visible Moon. These correspond to the time to elapse 
before moonset. 

The Moon's agra and sahkvagra are defined in the same way as in 
the case of the Sun. 1 

The base (bahu or hhuja) for a planet is the distance of the foot of 
the perpendicular dropped from the planet on the plane of the horizon 
from the east-west line. It is equal to 

sahkvagra da Rsin (agra), 
+ or -sign being taken acccording as the sahkvagra and the Rsine 
of the agra are of like or unlike directions. 

The true value of the Moon's base (usually called spasta-bahu or 
spasta-bhuja) denotes the north-south distance between the projections of 
the Sun and the Moon on the plane of the horizon. It is equal to 

Moon's base db Sun's base, 
+ or — sign being taken according as the bases of the Sun and the Moon 
are of unlike or like directions. When the Sun is on the horizon as in the 
case contemplated in the above stanzas, is is equal to 
Moon's base rb Sun's agra. 2 

The upright denotes the difference between the Rsines of the alti- 
tudes of the Moon and the Sun. In the present case, the Sun's altitude 
is zero, so that the upright is equal to the Rsine of the Moon altitude. 

The base and the upright defined above will be required in the 
stanzas below. 

Method for the graphical representation of the elevation of the 
lunar horns in the first quarter of the month at sunset : 

" 1347. To the north or south of the Bun is (to be laid 
off) the (true) base (according to its direction) ; and to the east 8 
(of the point thus obtained) is (to be laid off) the upright ; the 
line which joins the ends of the base and the upright is called 
the hypotenuse. (Taking the centre) at the meeting point of 
the hypotenuse and the upright, draw the Moon's disc. The 

~~ i Vide supra, chapter III, stanzas 37 and 54, pp. 84 and 93. 
a The Sun's base in this case is the same as the Sun's agra. 
3 The upright is laid off towards the east because in the light half 
of the month the Moon is towards the east of the Sun, 
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hypotenuse is the east-west line of that (Moon's disc) ; through 
the middle of that (i.e., through the centre of the Moon's disc) 
draw the north-south line. At the extremities of the north-south 
line mark two points on the periphery of the Moon's disc. (Then 
lay off the Moon's illuminated part) along the hypotenuse (from 
the west point) towards the interior of the Moon's disc and 
mark there the point of illumination. Thereafter always draw 
a circle passing through the (above-mentioned) three points. 
The portion lying between that (circle) and the (periphery of 
the) Moon's disc (lying towards the Sun) is called the illumi- 
nated part (of the Moon). The elevation, depression, or horizon- 
talness of the Moon's horns, in whatever unit be it measured (in 
the figure), is clearly perceived in the sky (as in the figure). 1 

In Fig. 23, AB is the base and MA the upright. Then, according 
to Bhaskara I, B denotes the Sun's centre and M the Moon's centre. The 
circle NESW centred at M is the Moon's disc, the points N, E, S, and W 
being the north, east, south, and west points on its periphery. The 
measure of the illuminated part of the Moon, IW, is laid off from W to- 
wards M and an arc of a circle 
is drawn through N, I, and S. a 
The shaded portion lying bet- 
ween this arc and the arc NWS 
is the illuminated part of the 
Moon's disc. The cusps at N 
and S are called the Moon's 
horns. The figure shows that 
in the present case the case the 
northern horn is higher than 
the southern one, Fig. 23 

Representation of the elevation of the lunar horns at any other 
time instead of sunset in the first quarter of the month : 

18. This (above) method is to be followed at sunset. At 
(any other) given time, all calculations such as the determination 

1 This rule is approximate. For other rules, see BrSpSi, vii. 7-10 ; 
&iDVr, I,ix t Si&L 

* The point I is called "the point of illumination" (sitabindu). 
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of the Rsine of the zenith distance of the Moon for that time 
are prescribed to be made with the setting point of the ecliptic 
(taken for the Sun). 

The only difference in this case is that the time to elapse before 
moonset, instead of being found out from the asus intervening between 
the Moon and the Sun (as was done in the previous case), should be 
found out in this case from the asus intervening between the Moon and 
the setting point of the ecliptic, or, as the commentator Paramesvara says, 
from the asus intervening between the rising point of the ecliptic and the 
point six signs in advance of the Moon. The asus correspond to oblique 
ascension as in the previous case. 

Representation of the elevation of the lunar horns in the 
second quarter of the month : 

19. (When the calculation relating to the elevation of 
the Moon's horns is made) after the eighth lunar day, the rising 
point of the ecliptic itself should be regarded as the Sun. And 
under that assumption should be made the calculation of the 
Rsine of the Moon's altitude, etc., with the exception of the 
calculation of the measure of the illuminated part (of the 
Moon's disc). 

A rule for the determination of the Rsine of the Moon's altitude 
to be used in connection with the elevation of the lunar horns : 

20. The Rsine of the Moon's altitude should be calcula- 
ted from the asus intervening between the Sun and the Moon, 
or between the rising or setting point of the ecliptic and the 
Moon subject to the time of calculation, the asus being those 
obtained by applying the rule once and not successively. 

A rule telling that the above calculations pertaining to the 
elevation of the lunar horns relate to the first half of the month 
only: 

21. In this manner, at sunset or any other time, with 
the help of the longitudes of the Sun, Moon and the Moon's 
ascending node, should be made this calculation relating to 
the Moon till the fifteenth lunar day : so has been said. 
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A rule telling how many riadis before or after sunset will the 
Moon be seen to rise on the full Moon day : 

22. Diminish the riadis (due to the oblique ascension 
of the part of the ecliptic) intervening between the Sun and 
the (visible) Moon (at sunset on the full moon day) (from or) 
by (the md'is of) the length of the day : so many nadis before 
or after sunset is the Moon seen (to rise on the full moon 
day). 1 

A rule relating to the representation of the elevation of the 
lunar horns in the dark half of the month : 

23-25. After the end of the (light) fortnight, the Moon, 
lying above the horizon, is drawn by using the measure (of 
the Rsine of the Moon's altitude) computed from (the asus due 
to the oblique ascension of the part of the ecliptic intervening 
between the visible Moon and) the rising point of the ecliptic 
at the given time. The upright is laid off towards the west 8 ; 
the base is laid off along the north-south line (in its proper 
direction) ; and the hypotenuse-line is stretched out from the 
end of that (base) to meet the end of the upright. Then from 
the east point (of the Moon's figure) lay off the measure of the 
(Moon's) illuminated part along the hypotenuse-line withm the 
figure of the Moon; or, from the west point (of the Moon's 
figure), lay off the (measure of the Moon's) unilluminated part. 

A rule telling how to do the same at sunrise in the dark half 
of the month : 

26. Or, perform the operation, stated above, concerning 
the Moon's illuminated or unilluminated part at sunrise with the 
asus intervening between the (visible) Moon and the Sun at 
that time. The time of moonrise will now be told. 

~ 1 This rule gives an approximate time of moonrise. In order t° 

obtain the nearest approximation to the correct time of moonrise use 
should be made of the method of successive approximations. See infra 
% tanzas 31-35. 

* Pecause in the dark fortnight the Moon is to the west of the Sun , 
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A rule for getting the duration of the Moon's visibility at 
night in the light half of the month (I quarter) : 

27. In the light fortnight, find out the asus due to oblique 
ascension (of the part of the ecliptic) intervening between the 
Sun and the (visible) Moon (at moonset) both increased by 
six signs, by the method of successive approximations. These 
give the duration of visibility of the Moon (at night) (or, 
in other words, the time of moonset). 1 

The process of successive approximations may be explained as 
follows : Compute the (sayana) longitudes of the visible Moon and the Sun 
for sunset and increase both of them by six signs. Then find out the asus 
(Aj) due to the oblique ascension of the part of the ecliptic lying between 
the two positions thus obtained. Then A l asus denote the first approximation 
to the duration of the Moon's visibility at night. Then calculate the 
displacements of the Moon and the Sun for A x asus and add them res- 
pectively to the longitudes of the visible Moon and the Sun for sunset 
and increase the resulting longitudes by six signs ; and then find out the 
asus (A t ) due to the oblique ascension of the part of the ecliptic lying 
between the- two positions thus obtained. Then A 2 asus denote the 
second approximation to the duration of the Moon's visibility at night. 
Repeat the above process successively until the successive approximations 
to the duration of the Moon's visibility agree to vighafis. 

The time thus obtained is in terms of civil reckoning. If, however 
the use of the Moon's displacement alone be made at every stage, the time 
obtained will be in terms of sidereal reckoning. 

A rule for finding the time of moonrise in the dark half of the 
month (III quarter) : 

28. Thereafter (i.e., in the dark half of the month), the 
Moon is seen (to rise) at night (at the time) determined by the 
asus (due to oblique ascension) derived by the method of succes- 
sive approximations from the part of the ecliptic intervening bet- 
ween the Sun as increased by six signs and the (visible) Moon as 
obtained by computation, (the Sun and the Moon both being 
those calculated for sunset). 2 

1 Cf. SuSi, x. 2-4. * Cf. SuSi, x. 5. 
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In the night, the time is measured since sunset. 

Details of the method of successive approximations contemplated 
in the above rule : 

29-31. Determine the time in asus {due to the oblique 
ascension of the part of the ecliptic) intervening between the 
rising point of the ecliptic and the (visible) Moon computed 
for sunset. (This is the first approximation to the required 
time). Now calculate the positions of the rising point of the 
ecliptic and the (visible) Moon for that time ; and then deter- 
mine the asus intervening between those positions again. In 
case the longitude of the (visible) Moon is greater than that 
of the rising point of the ecliptic, add these asus to the time 
obtained above ; in the contrary case, subtract them. (This is 
the second approximation to the required time). Kepeat this 
process successively until the successive approximations to the 
time, the longitude of the rising point of the ecliptic, and the 
longitude of the (visible) Moon are. (severally) equal (up to 
vighaUs or minutes). At the time ascertained by this proce- 
dure for the Moon, the Moon is seen (to rise) in the night 
filling (the space in) all the directions with her rays. 

The above rule is based on the fact that at moonrise the longitudes 
of the visible Moon and the rising point of the ecliptic are the same. 

An alternative rule for finding the time of moonrise in the dark 
half of the month (III quarter) : 

32-33. Find out the asus due to the oblique ascension 
of the part of the ecliptic lying from the setting Sun up to the 
"(visible) Moon ; and therefrom subtract the length of the day. 
(This approximately gives the time of moonrise as measured 
since sunset). Since the Moon is seen (to rise) at night when 
so much time, corrected by method of successive approximations, 
is elapsed, therefore the asus obtained above should be operat- 
ed upon by the method of successive approximations. 



196 RISING, SETTING AND CONJUNCTION OP PLANETS 

Details of the method of successive approximations contem- 
plated in the above rule : 

34. Find out the displacements of the Sun and the 
Moon for the ghatis (corresponding to the approximate time) 
obtained above and add them to the longitudes of the Sun and 
the (visible) Moon respectively ; then determine the ghatis (due 
to the oblique ascension of the part of the ecliptic) intervening 
between them; and then from those (ghatis) subtract the length 
of the day. (Thus is obtained the second approximation to 
the required time). Then find out the the displacements of the 
Sun and the Moon corresponding to (the ghatis of) the remain- 
der (and proceed as above again and again until the successive 
approximations agree to vighatls). 

An analogous rule for finding the time of moonrise in the light 
half of the month (II quarter) : 

35-36.. (In the light half of the month) when the measure 
of the day exceeds the riadts (due to the oblique ascension 
of the part of the ecliptic) lying between the Sun and the 
(visible) Moon (computed for sunset), the moonrise is said to 
occur in the day when the residue of the day (i.e., time to elapse 
before sunset) is equal to the ghatis of their difference. (In 
this case) the longitudes of the Sun and the (visible) Moon should 
be diminished by their displacements determined by proportion 
from the ri&dis (of the residue) ; and then should be obtained 
.the. asus (due to the oblique ascension of the part of the eclip- 
tic) between the Sun and the (visible} Moon (thus obtained). 
These asus should then be operated upon by the method of 
successive approximations. 

Another rule for getting the time of moonrise in the dark half 
of the month (IV quarter) : 

37-38. Determine the osms. (due to the oblique ascension 
of the part of the ecliptic lying) from the (visible) Moon at 
sunrise up to the rising Sun ; then subtract the corresponding 
displacements (of the Moon and the Sun) from them (i.e., from 
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the longitudes of the visible Moon and the Sun computed for 
sunrise) ; and on them apply the method of successive approxi- 
mations (to obtain the nearest approximation to the time 
between the visible Moon and the Sun computed for moonrise, 
i.e., between the risings of the Moon and the Sun). The Moon, 
who is like a looking glass for the face of the directions, rises 
as many asus before sunrise as correspond to the riadis obtained 
by the method of successive approximations. 

A rule for the determination of the time of the meridian passage 
of the Moon, and the longitudes of the Moon and the meridian- 
ecliptic point at that time : 

39. Infer by your intellect the time when the meridian- 
ecliptic point and the Moon are together. Then, by the method 
of successive approximations, find out the nearest approxi- 
mations for that time, the longitude of the Moon, and the 
longitude of the meridian-ecliptic point (for that time). 

Assuming that the rising point of the ecliptic is three signs in 
advance of the meridian-ecliptic point, the time to elapse before or elapsed 
since the Moon is on the meridian is the same as the time to elapse 
before or elapsed since the point of the ecliptic three signs in advance 
of the Moon is on the horizon. Therefore in order to get an approxi- 
mate time when the Moon occupies the meridian-ecliptic point one may 
proceed as follows : First calculate the longitudes of the Sun, the Moon, 
and the rising point of the ecliptic with the help of the given time. Then 
increase the longitude of the Moon by three signs and find the time due 
to the oblique ascension of the part of the ecliptic lying between the 
rising point and the Moon as increased by three signs. The time 
thus obtained is the approximate time to elapse before or elapsed since 
the meridian passage of the Moon. From this calculate the time of the 
meridian passage of the Moon. 

Details of the method of successive approximations contemplat- 
ed in the above rule : 

40. Determine the riadis intervening between the Moon 
and the meridian-ecliptic point (for the time determined by 
inference) with the help of the times of rising of the signs at 
Lanka. When (the longitude of the Moon is) less (than the 
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longitude of the meridian-ecliptic point), subtract the resulting 
riad'is from those corresponding to the inferred time ; when 
greater, addition is prescribed. (For the time thus obtained 
calculate the longitudes of the Moon and the meridan-ecliptic 
point and find the nadh intervening between them with the 
help of the right ascensions of the signs as before ; and then 
repeat the above process successively until the nearest approxi- 
mation to the time of meridian passage of the Moon is obtained). 

A rule for the determination of the Rsine of the Moon's meri- 
dian zenith distance : 

41. By this process is obtained the Moon when she is 
on the meridian (lit. when her longitude is equal to that of the 
meridian-ecliptic point). From her celestial latitude and decli- 
nation, and from the (local) latitude is determined the Rsine of 
her meridian zenith distance. 

First obtain the Moon's' true declination by rule 8 above ; then 
apply the following formula : 

Moon's meridian zenith distance =local latitude db true declination, 
+ or -sign being taken according as the Moon is to the south or to 
the north of the equator. 

A rule regarding the elevation of the horns of the half-risen or 
half -set Moon : 

42. The determination of the elevation of the horns of 
the- half-risen or half-set Moon is made with the help of the 
agra of the rising or setting point of the Moon's orbit. 

When the Moon is rising or setting, its base is obviously equal *o 
the agra of the rising or setting point of the Moon's orbit. 

The text does not say anything about the base and depth of the 
Sun lying below the horizon but these elements have to be calculated and 
made use of in the above-mentioned determination. 

Procedure to be adopted in the case of the planets : 

43. This (above-mentioned) procedure should be adopted 
in the case of the nector-rayed Moon ; the same process is pres- 
cribed for all the planets also. 
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The remainder of this chapter deals exclusively with the planets. 

Minimum distances of the planets from the Sun when they are 
visible : 

44. Venus is visible when it is 9 degrees away from the 
Sun ; Jupiter, Mercury, Saturn, and Mars are observed when 
they are respectively further away by two degrees in succession 
(i.e., when they are respectively 11°, 13°, 15°, and 17° away 
from the Sun). 

45. Ve_ as, which moves in its proper orbit but appears 
retrograde, is visible, due to profusion of its rays 8 , when it is 
(only) 4| or 4 degrees away from the Sun. 

The degrees above are "the degrees of time" (called kalabhaga). 
One degree of time is equivalent to 60 asus. Thus Venus is visible in the 
east if the time taken by the part of the ecliptic between the Sun and 
Venus to rise above the eastern horizon amounts at least to 9 x 60 asus ; 
and in the west, if the time taken by the part of the ecliptic between the 
Sun and Venus to set below the western horizon, or the time taken by the 
diametrically opposite part of the ecliptic to rise above the eastern hori- 
zon, amounts at least to 9x60 asus 9 . It may be pointed out that a sign 
sets in the same time that the seventh, i.e., the diametrically opposite sign, 
takes to rise. 

According to Lalla, Mercury and Venus, when in regression, are 
visible when they are respectively 12 and 8 degrees distant from the Sun.' 
According to Sripati, Mercury and Venus, when near their apogees, are 
visible when they are respectively 14 and 10 degrees distant from the Sun ; 
and when in regression, they are visible when respectively 12 and 8 degrees 
distant from the Sun. 6 

1 The same degrees of visibility are prescribed also in BrSpSL vi. 6 : 
x. 32 ; SiD Vr„ /, vii. 5 (i) ; and Sitie, ix. 8 (i), 12. 

2 When Mercury or Venus is in retrograde motion, it is nearer to 
the Earth and so its size is a little enlarged. 

3 Venus in both the cases being that corrected for the visibility 
corrections. 

4 &DV{, f, vii. 5 (ii). 

1 Si $ e ! *?' 9 ' ^ Greek astr °nomer Ptolemy (150 A. D.) also 
considered the heliacal rising and setting of the planets and defined the 
limits of visibility of each planet when in the sign Cancer (i.e. when 
the equator and the ecliptic are nearly parallel). His limits are ; for 
Saturn, 14°; for Jupiter ; 12M5' for Mars, 14°30' ; and for Venus and 
Mercury, m the west, 5°40' and U°3Q' respectively. Vide Syntaxis xiii 7-9 
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A rule telling us ( 1 ) how to convert the degrees of time into 
vigkatis, and (2) how to determine the degrees of time between 
the Sun and a planet : 

46-47. These degrees of time when multiplied by ten are 
called vighatis. (When the planet is seen) in the east, they 
are determined from (the oblique ascension of) the sign occu- 
pied by the Sun and the planet ; (when the planet is visible) 
in the west, they are determined from (the oblique ascension 
of) the seventh sign (as measured from the sign occupied by 
the Sun and the planet). 1 (The process is as follows) : Divide 
the oblique ascension of the sign occupied by the Sun and the 
planet (or of the seventh sign, as the case may be) as multiplied 
by the degrees of the difference between the longitudes, of the 
planet and the Sun by 30. If the resulting time is equal to 
(or greater than) that stated (for that planet), the planet will 
be seen to rise (heliacally ) . 

The longitude of the planet is that corrected for the visibility- 
corrections. 

CONJUNCTION OF PLANETS 

Definition of the "divisor" to be used later : 

48. The iighra-kama as multiplied by the mundocca- 
karna (or manda-karna) should be divided by the radius : the 
result thus obtained is called the "divisor". 2 

This "divisor" denotes the distance between the Earth and a 
planet (bhu-taragraha-vivara). The above' rule for the divisor was pro- 
bably derived by proportion as follows : "If the radius of the fighra 
concentric denotes the manda-karna, what will the sighra-karna stand 
for ? The result is the geocentric distance of the planet, the so called 
"divisor". 



1 Cf. kDVr., I, vii. 5 (iv). 
* Cf. &WVr, /, x. 1. 
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A rule relating to the determination of the time and the com- 
mon longitude of two planets when they are in conjunction in 
longitude : 

49-51. If one planet is retrograde and the other direct, 
divide the difference of their longitudes by thesum of their daily 
motions ; otherwise (i.e., if both of them are either retrograde 
or direct), divide that by the difference of their daily motions : 
thus is obtained the time in terms of days, etc., after or before 
which the two planets are in conjunction (in longitude). The 
velocity of the planets being different (literally, manifold) (from 
time to time), the time thus obtained is gross (i.e., approximate). 
One, proficient in astronomical science, should, therefore, apply 
some method to make the longitudes of the two planets agree 
to minutes. Such a, method is possible from the teachings of the 
precepter or by day to day practice (of the astronomical science).* 

The method to be used here is obviously the method of successive 
approximations. 

A rule relating to the computation of the celestial latitude of 
a planet when it is in conjunction with another planet: 

52-53. Diminish the longitude of the planet in conjunc- 
tion with another planet by the degrees of (the longitude of) the 
ascending node (of that planet) ; by the Rsine of that multiply 
the greatest latitude (of the planet) and divide (the product) 
always by the (corresponding) "divisor" (defined in stanza 48) : 
thus is obtained the latitude of Jupiter, Mars, or Saturn. In 
order to find the latitudes, north or south, of the remaining 
planets (Mercury and Venus), subtraction (of the degrees of the 
longitude of the ascending node) should be made from the 
longitude of the planet's fighrocm* 

The longitude of the planet to be used in the above rule is really 
the heliocentric longitude and not the geocentric longitude. Brahmagupta 



» Cf. BrSpSi, ix. 5-6 ; kiDV K , /, x. 7-9 (i) ; Si&e, xi. 12-13. 
3 This rule occurs also in &iDV^ T, x. 10, 9 (ii) 
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(628 A. D.) has therefore prescribed the use of the true-mean longitude 
of the planet in the case of Mars, Jupiter and Saturn, and that of the 
longitude of the planet's sighrocca. as corrected for the planet's mandaphala 
in the case of Mercury and Venus. 1 

A rule relating to the distance between two planets which are in 
conjunction in longitude : 

54-55. When the latitudes of the two planets (in 
conjunction) are of unlike directions, their sum is the (angular) 
distance between them. When their latitudes are of like direc- 
tions, the minutes of the distance between them are obtained by 
taking their difference. 2 

The (linear) distance between the two planets (in conjunc- 
tion) should be announced by those proficient in the processes 
of planetary conjunction by taking a minute as equivalent to 
one -fourth or one-half of an angula, whichever agrees with the 
phenomenon observed in the sky. 

According to the commentator Paramesvara, one minute of the 
distance between the two planets is equal to one-half or one-fourth of an 
angula, according as the two planets are or are not near the horizon. 

Brahmagupta has criticised the longitudinal conjunction of the 
planets. 3 He favours horizontal conjunction which occurs when the two 
planets are on the same secondary to the prime vertical, because it can 
be easily observed. 

Diameters of the planets in minutes of arc : 

56. Having (first) divided 32 by 5, divide the same number 
(i.e., 32) again and again by the same (5) as increased by itself in 
succession (i.e., by 10, 15, 20, and 25) : the results thus obtained 
are known as the minutes of the diameters of Venus, Jupiter, 
Mercury, Saturn, and Mars respectively. 



1 See BrSpSi, ix. 9. Also see SuSi, ii. 56-57;. SiSe, xi. 15; and 
SiSi, II, vi. 20-25(i). 

2 This rule occurs also in SiDVr, I. x. 11 ; KPr, vii. 8; and has been* 
quoted by Brahmagupta in BrSpSi, ix 1 1 , and by Snpati in SiSe, xi. 18. 

3 In BrSpSi, ix. 11-12, Also see SiSe, ix. 19-20, 
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According to Aryabhata I, 1 the diameter of the Moon is 315 yojanas, 
and the diameters of Venus, Jupiter, Mercury, Saturn, and Mars are respec- 
tively one-fifth, one-tenth, one-fifteenth, one-twentieth, and one-twenty- 
fifth of the diameter of the Moon (at the Moon's mean distance). It 
follows that 

the diameter of a planet in minutes 

_ d iameter of the planet in yojanas x R 

Moon's mean distance in yojanas 

_ diameter of the planet in yojanas 
10 approx. 

_diameter of the Moon in yojanas 

~ l0xD a PP™., 

where D = 5, 10, 15, 20, or 25, according as the planet is Venus, Jupiter, 
Mercury, Saturn, or Mars. 

32 

= —jy approx. 

Hence the rule in the text. 

Definition of the "dividing numbers" for the planets : 

57. (Severally) multiply the yojanas of the Moon's (mean) 
distance by the same numbers (i.e., by 5, 10, 15, 20 and 25) : 
the result, in each case, is the "dividing number", in terms of 
yojanas, used in the determination of the lambana and nati (for 
the respective planets). 

The "dividing numbers" denote the mean distances of the planets 
under the assumption that the diameter of each of them is 315 yojanas 
(the same as that of the Moon). 

A rule for finding the true distance of a planet, assuming 315 
yojanas for its diameter, in terms of yojanas : 

58 (i). These (above-mentioned) "dividing numbers" be- 
come accurate when multiplied by the "divisor" and divided by 
the radius. 
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The obvious proportion is : When the radius (i.e., 3438') corresponds 
to the planet's mean distance in yojanas, what will the divisor (i.e., the true 
distance of the planet in minutes) correspond to ? The result is the true 
distance of the planet in terms of yojanas. 

A rule relating to the determination of the true values of the 
diameters of the planets in minutes : 

58 (ii). So also become the minutes of the diameters 
when divided by the "divisor" and multiplied by the radius. 1 

The remaining processes concerning the occultation of one planet 
by another : 

59-60. The determination of the ten Rsines (viz. madhyajya, 
drhksepajya, drggatijya, drgjya and udayajya — five for each of the 
two planets concerned) and other regaining deteiminations 
should be made as in the case of the Moon. The Rsine of the 
altitude (for each planet) is to be calculated from the (planet's) 
own ascensional difference, etc., as taught in connection with 
the Moon's rising. 

In the case- of conjunction of the planets (i.e., occul- 
tation of one planet by another), the lambana and nati are 
prescribed to be found out (by proportion) from the (planets') 
own "dividing numbers". The remaining processes such as 
the calculation of the . sthityardha (i.e., the semi-duration of 
occultation) are the same as in the case of a (solar) eclipse. 

Concluding stanzas : 

61-62. The predictions of those (astronomers) whose 
minds are purified by day to day practice and who have acquir- 
ed by the grace of the teacher the eye of true conception of 
the astronomical science, (always) agree with the planetary 
phenomena and do not go astray as the pure thoughts (desires) 
of a lovely and devoted wife (do not go astray). 



1 The same rule occurs in &iDV t , /, x. 4. 
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Revolutions performed by the planets around the Earth in a 
period of 43,20,000 solar years (called a yuga) : 

1-5. The revolution-number (bhagana) of the Sun is 
43,20,000 ; of the Moon, 5,77,53,336 ; of Saturn, 1,46,564 ; of 
Jupiter, 3,64,224 ; of Mars, 22,96,824 ; of Mercury and Venus and 
of the ilghroccas of the other planets, the same as that of the 
Sun; of the Moon's apogee, 4,88,219; of (the Hghrocca of) 
Mercury, 1,79,37,020 ; of (the fighrocca of ) Venus, 70,22,388; 
and of the Moon's ascending node, 2,32,226. 

Intercalary months, omitted lunar days, and civil days in a 
yuga : 

6-8. The number of intercalary months (in a yuga) is 
15,93,336. For the determination of the number of intercalary 
months elapsed, (this is the multiplier) : the diviser is twelve 
times the number of solar years in a yuga (i.e., 5,18,40,000). 
The number of omitted lunar days (in a yuga) is 2,50,82,580. 
(For finding the number of omitted lunar days elapsed, this is the 
multiplier) : the divisor is 1,60,30,00,080 (which is the number 
of lunar days in a yuga). The number of civil days in a yuga 
is stated to be 1,57,79,17,500. 

Intercalary months in a yuga 

— (lunar months in a yuga) — (solar months in a yuga) 

= { (revolution-number of the Moon) — (revolution-num- 
ber of the Sun) } — 12 x (revojution-number of the Sun) 

= (revolution-number of the Moon) — 13 x (re volution- 
number of the Sun) 

= 15,93,336. 
Omitted lunar days in a yuga 

= (lunar days in a yuga) — (civil days in a yuga) 

= 2,50,82,580. 
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Inclinations of the orbits of the planets to the ecliptic : 

9. The degrees of the greatest celestial latitudes of 
Mercury, Venus, and Saturn are e'ach 2 ; of J upiter, 1 ; and of 
Mars, l^. 1 

Longitudes of the ascending nodes of the planets and a rule 
for finding the celestial latitude of a planet : 

10. The degrees of the longitudes of the ascending nodes 
(of the same planets) are 20, 60, 100, 80, and 40 respectively. 8 
The celestial latitude, north or south, (of a planet) should be 
given out after calculation from the longitude of the planet 
minus the longitude of its ascending node. 

Longitudes of the apogees of the planets and the method for 
finding the manda and fighra anomalies : 

11-12. The degrees of the longitudes of the apogees (of 
the same planets) are respectively 210, 90, 236, 180, and 118. 
Of the Sun they are to be known as 78. 3 

(In order to get the manda anomaly ) subtract the longi- 
tude of the apogee (of the planet) from the longitude of the 
planet ; and (in order to obtain the tighra anomaly) always, 
subtract the longitude of the planet from the longitude of the 
iighrocca (of the planet). 

Manda and fighra epicycles of the planets, and Rsine-differences 
corresponding to the twenty -four elements of a quadrant ; 

13-16. In (the beginnings of) the odd quadrants the manda 
and iighra epicycles (of Mercury, Venus, Saturn, Jupiter, and 
Mais) are 7, 4, 9, 7, 14 and 31, 59, 9, 16, 53 (respectively); and 
in (the beginnings of) the even quadrants they are stated to 
be 5, 2, 13, 8, 18 and .29, 57, 8, 15, 51 (respectively). Of the 
Sun and the Moon, the epicycles are 3 and 7 (respectively). 

1 The same values are found in A, i._8 and SiDV(,I, x. 5(i). 
8 The same longitudes are given in A, i. 9(i) and SiDVr, /, x. 5(ii). 
3 These longitudes are the same as found in A, i. 9(ii) and kiDVr,, 
I, ii. 28(i), 9(iv). 
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The Rsine-differences (corresponding to the twenty -four 
elements of a quadrant) are 225 (makhi), etc. (as stated by 
Aryabhata I) . 2 

The dimensions of the epicycles have been stated after dividing them 
by A\. They are the same as given by Aryabhata I. In fact all the astro- 
nomical constants stated in the above stanzas are the same as found in the 
Aryabhatiya. 

It must be pointed out that, according to Bhaskara I, the manda 
and fig lira epicycles stated above from the Aryabhatiya of Aryabhata I, 
correspond to the beginnings of the respective quadrants as is evident 
from the rule stated in MBh, iv. 38-39(i) and LBh, ii. 31-32 and explained 
in Bhaskara I's commentary on A, iii. 22. Govinda Svaml, however, is 
of opinion that the fighra epicycles stated by Aryabhata I correspond to the 
beginnings of the respective quadrants, but the manda epicycles stated by 
Aryabhata I, correspond to the endings of the respective quadrants. 3 
Consequently, he has replaced the rule referred to above by another rule 
which has been quoted by Udaya-divakara in his commentary on LBh, 
ii. 31-32. This controversy is due to the fact that Aryabhata I himself 
does not say whether the epicycles given by him correspond to the begin- 
nings or endings of the quadrants. 

A rule for finding the bahwphala and kotiphala, etc., without the 
use of the Rsine-difference table : 

17-19. (Now) I briefly state the rule (for finding the 
bhujaphala and kotiphala etc.) without making use of the 
Rsine-differences, 225, etc. 

Subtract the degrees of the bhuja (or hoti) from the deg- 
rees of half a circle (i.e., 180°). Then multiply the remainder 
by the degrees of the bhuja (or koti) and put down the result 
at two places. At one place subtract the result from 40500. 
By one-fourth of the remainder (thus obtained) divide the result 



2 For the table of Rsine-differences referred to here, see supra, 
p. 108. 

3 See Govinda Svami's comm, on MBh, iv. 38-39(i). 
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at the other place as multiplied by the antyaphala (i.e., the 
epicyclic radius) 1 . Thus is obtained the entire bahuphala (or 
hotifhala) for the Sun, Moon, or the star-planets. So also are 
obtained the direct and inverse Rsines. 2 

This rule is based on the formula : 

sin = 4(180 - 0)0/ {40500 -(180 - 0)0}, 

where is in degrees. 

The following is a rationale of this approximate formula : In Fig. 24, 
let CA be the diameter of a circle of radius R, where arc AB is equal to 
degrees and BD = Rsin 0. Then 
Area ABC = \ AB. BC. 
Also area ABC = £ AC. BD. 

Therefore, 

1 AC 



BD AB. BC 

so that 



BD^(arc AB) x (arc BC) 
Let 

1 x. AC 



BD (arc AB)x(arcBC) 
2jcR 




. A 0(180-0) m 
so that Rsm 0=———^- . I ) 



(180-0) 

tsin 0=: 

Putting = 30 



30x150 

4 K= 



2*R+30xl50j> 



i.e., 2*R +4500^ = i221 . (2) 
R 



1 s^^fcrerrcrrsf qrronfaT i BrSpSi, xiv. 24(H). 

8 Cf. BrSpSi, xiv. 23-24; SiSe, iii. 17. 
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Putting 0=90°, 

2xR+8100j= — . 

R 

From (2) and (3), 

'—IF 

40500 

and 2jtrR— • 

Therefore, from (1) 

R S in0= 40(180-fl)R 

40500—0(180—0) 

The same result may also be derived as follows : 
Let 

mx= a+bx + ext ., 
A+5X+CX 2 

where X is in radians and corresponds to degrees. 
Putting X=0, a—0. 

Putting \=k, b+tfc=0. Therefore, c=—~. 

ir 

Thus 

„: 6X(tf-X)/it , 

SmX A+BX+OS 

Since sinX— sin(if— X), therefore 

bx(ir— X)/ir _ l>X(ir— x)/« 
A+B*+C\* ^+5(if-X)+C(it— X) a 

or A+B\+Ck*=A+B(it— X)+C(ir— X) 8 , ' 
or B(2k— «)=Cir(ir— 2X), 

s-i B 

giving C= 

if 

Therefore, sin X= j ... 

^ir+Bx(ir— x) 

Putting in this X=iw» 

^« + JW*- K)=2&. iir(tr— Jtr), 
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Also putting X=Jit, 

or A« +l**B=fr*b. (5) 

From (4) and (5), 

B = —lb, 
5irZ> 

and A = • 

Therefore, 

sinX- 16A(Tr-X) 



5ff 2 — 4X(it — X> 
where X = ff0/18O. 

The length of the so called circle of the sky and the rule for 
deriving the length of the orbit of a planet : 

20. Multiply the revolution-number of the Moon by 
216000 : then is obtained the length of the circle of the sky (in 
terms of yojanas). When the circle of the sky is divided by 
the revolution-number of any given planet, the quotient 
denotes the length of the circular orbit of that planet. 

Thus we get 

(1) length of the circle of the sky = 1,24,74,72,05,76,000 yojanas, 

4 

(2) length of the Sun's orbit = 28,87,666 yojanas, 

(3) length of the Moon's orbit = 2,16,000 yojanas, 

132027 . 

(4) length of Mars' orbit = 54,3 1, 29153^ yojanas, 

mm . 

(5) length of Mercury's orbit = 6,95,473 896g$1 yojanas, 

699 

(6) length of Jupiter Yorbit = 3,42,50,133^^^' 

255221 

(7) length of Venus's orbit = 17,76,421^35X99 yojanas > 

5987 

(8) length of Saturn's orbit = 8,51,14,493^ yojanas. 

Midnight day -reckoning of Aryabhata I : 

21 . The astronomical processes which have been set forth 
above come under the sunrise- day-reckoning. In the midnight 



MIDNIGHT DAY-RECKONING 21 1 

day -reckoning too, all this is found to occur : the difference 
that exists is being stated (below). 

The next fourteen stanzas relate to the midnight day-reckoning 
of Aryabhata I. 

Civil days and omitted lunar days in a yuga and revolution- 
numbers of Mercury and Jupiter : 

22. (To get the corresponding elements of the midnight 
day -reckoning) add 300 to the number of civil days (in a yuga) 
and subtract the same (number) from the number of omitted 
lunar days (in a yuga) ; and from the revolution-numbers of 
(the Sighrocca of) Mercury and Jupiter subtract 20 and 4 
respectively. 

Thus according to the midnight day-reckoning, 

civil days in a yuga— 1,57,79,17,800, 
omitted lunar days in a yuga— 2,50,82,280, 
revolution-number of the sighrocca of Mercury = 1 ,79,37,000, 
revolution-number of Jupiter = 3,64,220. 

Diameters of the Earth, the Sun, and the Moon : 

23. (In the midnight day -reckoning) the diameter of the 
Earth is (stated to be) 1600 yojanas ; of the Sun, 6480 (ycjanas) ; 
and of the Moon, 480 {yqjanas). 

Mean distances of the Sun arid the Moon : 

24. The (mean) distance of the Sun is stated to be 
689358 (yojanas) ; and of the Moon, 51566 (yqjanas). 

Longitudes of the apogees of the planets : 

25. 160, 80, 240, 110, and 220 are in degrees the longi- 
tudes of the apogees of Jupiter, Venus, Saturn, Mars, and 
Mercury respectively \ 



1 Cf. £K(Sengupta's edition), ii. 6(i). 
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Manda and iighra epicycles of the planets : 

26-28(i). The manda epicycles (of the same planets) are 
32, 14, 60, 70, and 28 (degrees) respectively ; and the iighra 
epicycles are 72, 260, 40, 234, and 132 (degrees) respectively. 
The Sun's apogee and epicycle are the same as those of Venus 
(i.e., 80° and 14° respectively). The Moon's epicycle in the 
midnight day-reckoning is stated to be 31 (degrees). 

Positions of the so called manda and iighra patas of the 
planets : 

28(ii)-31(i). (The following directions for) the degrees of 
the (manda and iighra) patas of the planets as devised (under 
the midnight day-reckoning) should be noted carefully by 
learned scholars. 

Add 180° to the longitudes of the mandoccas (apogees) and 
ilghroccas of Mercury and Venus, and subtract 3 signs from 
the mandoccas (apogees) and ilghroccas of the remaining planets. 
Then ar« obtained the longitudes of the manda and iighra patas 
of the planets. (Also) add 2 degrees to the longitudes of the 
manda patas and ilghroccas of Venus, Satur^, and Jupiter ; and 
1^ degrees to those of Mars and Mercury. (It should be noted 
that) the iighra patas have been stated for all the planets 
excepting Mercury. (Mercury does not have a iighra pata). 1 

That is to say, the longitudes of the manda-patas of Mars, Mercury, 
Jupiter, Venus, and Saturn are 21°-5, 41°-S, 12°, 2d£°, and 152° 
respectively; and the longitudes of the sighra-patas of Mars, Jupiter, 
Venus, and Saturn are {fighrocca — 88 0, 5), (fighrocca — #8")> {fighrocca 
+ 182°) and ( fighrocca — 88°) respectively. 



1 , This passage represents rather old ideas of Hindu astronomy. 
The conception of manda and fighra patas does not occur in any other 
work. Our translation agrees with the interpretations given in the various 
commentaries. The translation given by P. C. Sengupta in the intro- 
duction to his Khaqda-khadyaka is wrong. 
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A rule for finding the celestial latitude of a planet : 

31(ii)-33. (From the longitude of a planet severally) 
subtract the longitudes of its (manda and fighra) patas, and 
therefrom calculate (as usual) the corresponding celestial 
latitudes of that planet. Add them or take their difference 
according as they are of like or unlike directions. Then is 
obtained the true celestial latitude of that particular planet. 
The true celestial latitude of any other planet is also obtained 
in the same way. The remaining (astronomical) determinations 
are the same as stated before. This all is in brief the difference 
of the other tantra (embodying the midnight day-reckoning 
of Aryabhata I). 

A rule for finding the longitude of the true-mean planet 
according to the midnight day-reckoning : 

34. Apply half the tighrapkaU and (then) half the 
mandaphala to the longitude of the planet's own mandocca 
(reversely). From the resulting longitude of the planet's 
mandocca calculate (the mandaphala and apply it to the 
the mean longitude of the planet: the resulting longitude of 
planet is stated to . be) the true-mean longitude of 'the 
planet. This is stated to be another difference (of the midnight 
. day-reckoning). 1 

Length of the circle of the sky and derivation of the 
lengths of the orbits of the planets : 

35. Multiply the revolutions of the Moon (in a yuga) by 
32,40,000 and then discard the zero in the unit's place : 
{-this is the length of the circle of -the sty in terms of yojanas). 
(Severally) divide that by the revolutions of the planets (in a 
yuga) : thus are obtained the lengths of the orbits of the 
respective planets in terms of yojanas. 

From stanzas 20 and 35 it is evident that one yojana of the sunrise 
day-reckoning is one and a half times that of the midnight day-reckoning. 



1 This rule is the same as found in PSi, xvii. 4-9 ; SuSi, ii, 44 ; 
MSi, iii. 28 ; and SiTV, ii. 247. 



CHAPTER VIII 

EXAMPLES 
(Solved Examples) 

To find the true lunar day (tithi) and the ghails elapsed at 
sunrise since the beginning of the current lunar day without 
the knowledge of the true longitudes of the Sun and Moon : 

1-4. Multiply the ahargana by the number of lunar years 1 
(in a yuga) and divide by the number of civil days 2 (in a yuga). 
Then are obtained the mean lunar years, etc. (corresponding to 
the ahargana). Also multiply the ahargana by the number of 
intercalary lunar years 3 (in a yuga) and divide by the number 
of civil days 2 (in a yuga). (Thus are obtained the mean interca- 
lary years, etc., corresponding to the ahargana). The difference 
between the two denotes the (mean) solar years, etc. (i.e., years, 
months, days, and ghatls) (corresponding to the ahargana). 

The solar years are not required (so they are to be omitted). 
From the remaining quantity (in months, clays, and ghatls) 
subtract two months and eighteen days. Then (treating the 
months, days, etc., of the remainder thus obtained as the signs, 
degrees, etc., of the Sun's mean anomaly) calculate the (Sun's) 
equation of the centre. 

Divide the (corresponding) solar time by 12 and apply 
that to the (mean) lunar days (and ghatls) (obtained from the 
ahargana) contrarily (i.e., add when the Sun's equation of the 
centre is subtractive and subtract when the Sun's equation of the 
centre is additive). Also apply one-twelfth of the time corres- 



1 i.e., 44,52,778. 
» i.e., 1,57,79,17,500. 
» i.e., 1,32,778. 
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ponding to the Moon's equation of the centre* to the resulting 
lunar days (and ghatis) in the same way as it is applied to the 
Moon's longitude. 

(The lunar days thus obtained *are the true lunar days 
which have elapsed at sunrise since the beginning of the current 
month). The ghatis obtained above denote the elapsed portion 
of "the current lunar day in terms of ghatis. Multiply 
those ghatis by 60 and divide by one-twelfth of the difference 
between the true daily motions of the Sun and Moon, in degrees : 
the quotient denotes the true time in ghatis (which has elapsed 
at sunrise since the beginning of the current lunar day). 2 

Let the mean lunar years, etc., elapsed at sunrise be a years, b months, 
c days, and d ghatis ; and let the mean intercalary years, etc., elapsed at 
sunrise be a' years, b' months, d days, and d' ghatis. Then the mean 
solar years, etc., elapsed at sunrise are (a— a') years, (b—b') months, (c— c') 
days, and {d— d') ghatis. 

The mean longitude of the Sun is therefore equal to (a— a') revolu- 
tions, (b— b') signs, (c— c') degrees, and (d—d') minutes, The longitude 
of.the Sun's apogee being 2°18', the Sun's mean anomaly is equal to 
(b—b') signs, (c— c'— 2) degrees, and (d—d' — 18) minutes. 

Suppose that the Sun's equation of the centre derived from the 
above Sun's mean anomaly is m minutes. Then we subtract ro/12 ghatis 
from or add the same amount to c days and d ghatis obtained above, 
according as the Sun's equation of the centre is additive or subtractive. 
Thus we get c days and (d=Fmj 12) ghatis. 



1 To obtain the Moon's equation of the centre, the mean longitude 
of the Moon may be obtained as follows : Multiply the mean lunar days, 
etc., (corresponding to the ahargana) by 12, convert the resulting days etc. 
into months, etc., and add to them the mean solar months, etc., (corres- 
ponding to the ahargana) ; treat the months, etc., thus obtained as the 
signs, etc., of the mean longitude of the Moon. 

2 A similar rule occurs in BrSpSi, xiii. 23-25 and $i&e f iii. 72-74, 



216 



EXAMPLES 



Also suppose that the Moon's equation of the centre is n minutes. 
Then we add n/12 ghatis to or subtract the same from c days and 
(rf=Fw/12) ghatis. Thus we obtain 

c days, (</=gm/12d=n/12) ghatis. 

c days in this result shows that c complete frue lunar days have 
elapsed at sunrise; and (d^mjUdonf 12) ghatis shows that part of the 
current lunar day amounting to so many ghatis has also elapsed at 
sunrise. 

Multiplying (d=Fm/l2ztn/\2) by 60^ and dividing the product by 
1/12 of the degrees of difference between the true daily motions of the 
Sun and Moon are obtained the ghatis elapsed at sunrise since the 
beginning of the current lunar day. 

The following is the rationale of the above rule : 
True lunar day (tithi) 
— (true longitude of the Moon— true longitude of the Sun)/12. 

= {(mean longitude of the Moon ± Moon's equation of the 
centre)— (mean longitude of the Sun ±Sun's equation of the 
centre)}/ 12. 

= {(mean longitude of the Moon — mean longitude of the Sun) 
=p (Sun's equation of the centre) ± (Moon's equation of the 
centre)}/ 12. 

ahargana x (Moon's rev.-number — Sun's rev.-number) 1 
~ civil days in a yugax 12 

=F (Sun's equation of the centre)/12 

zfc (Moon's equation of the centre)/l 2 

ahargana x (lunar years in a yuga) 
~ civil days in a yuga 

q= (Sun's equation of the centre)/12 

rfc (Moon's equation of the centre)/12 
= mean lunar years, etc., elapsed at sunrise 
=F (Sun's equation of the centre)/ 12 
± (Moon's equation of the centre)/12. 



1 Rev.-number denotes revolution-number, 
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= mean lunar days and ghath elapsed at sunrise 
=F (Sun's equation of the centre)/12 
=t (Moon's equation of the centre)/12, 
where the signs are chosen appropriately. Lunar months and years are 
discarded as they are not required. 

To obtain the Sun's mean longitude from the Sun's true 
longitude derived from the midday shadow of the gnomon : 

5. Subtract the longitude of the Sun's apogee from the 
Sun's true longitude derived from the midday shadow (of the 
gnomon) and (then treating the remainder as the Sun's mean 
anomaly) calculate the Sun's equation of the centre. Apply 
that (equation of the centre) to the Sun's true longitude con- 
trarily to the usual law for its subtraction and addition. 
(Treating this result as the mean longitude of the Sun, calculate 
the Sun's equation of the centre afresh and apply that to the 
Sun's true longitude as before.) Repeat the same process again 
and again (until two successive results agree to minutes). Thus 
is obtained the mean longitude of the Sun. 1 

The method used here is evidently the method of successive 
approximations. 

To find the arc corresponding to a given Rsine : 

6. From the given Rsine subtract in serial order (as 
many tabulated Rsine-differences as possible) : multiply the 
number of the Rsine-differences' subtracted by 225. Then 
multiply the residue (of the given Rsine) by 225 and divide 
by the current Rsine-dLfference. 2 Add this result to the pre- 
vious one. Thus is obtained the arc (corresponding to the 
given Rsine in terms of minutes). 8 



1 This rule occurs also in. Br SpSi, xiv. 28; iii. 61-62; Siftt, I, 

ii. 45. 

2 i.e., the tabulated Rsine-difference which is next to those sub- 
tracted. 

8 This rule is found also in SuSU ii. 33 ; BrSpSi, ii. 11 ; SlDVr, I, 
ii. 13; Sf&e,m. 16; ll(ii)-12(i). 
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This rule is the converse of that stated in chapter IV, stanzas 

3-4(i). 

EXAMPLES 

Six examples on the shadow of the gnomon : 

7. The latitude (of a place) is one and a half degrees 
minus eight minutes {i.e., 1° 22') ; and the midday shadow 
of the gnomon of 12 angulas on level ground is 5 angulas. 
Give out the sun's longitude at noon on that day. 1 

8. Quickly say the longitude of the meridian Sun for 
the place where the latitude is stated to be 8 degrees minus 
16 minutes (i. e., 7° 44') and the midday shadow of the gnomon, 
3 and a half (angulas). 

9. Quickly say the true longitudes of the Sun for the 
places where the latitudes are stated to be 25 and 30 degrees 
respectively and the lengths of the midday shadows (of the 
gnomon) are equal to the gnomon (itself). 

10. Say what is the longitude of the Sun at the place 
where the latitude is 15 degrees and the prime vertical shadow 
of (the gnomon due to) the Sun, one and a half angulas to- 
gether with one-fifth of an angula (i.e., 17/10 angulas). 2 

11. The prime vertical shadow (of the gnomon) is 37 
angulas and the equinoctial midday shadow is 30 angulas. Say 
the longitude of the universal lamp, the Sun, for its position on 
the prime vertical. 

1?. The east-west shadow (of the gnomon) is seen on 
level ground to be 16 (angulas). The latitude of the place is 
seven and a half degrees. Say what is the Sun's longitude there. 



1 The examples set in this and the next two stanzas are based on 
the rules stated before in chapter III, stanzas 5 and 13-15. 

* The examples set in this and the next two stanzas are based on 
the rules given before in chapter III, stanzas 5 and 41, 
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Eleven examples on the pulveriser {kwtialcdra) : 

13. The signs, etc., up to the thirds of the Sun's (mean) 
longitude have all been carried away by the strong wind ; the 
residue of thirds is known to me to be 101. Tell (me) the 
Sun's (mean) longitude and also the almrgaim? 

14. The minutes together with the signs and degrees 
of the Moon's (mean) longitude have been destroyed being 
rubbed out by the ha nds of a child ; twenty -five seconds are 
seen to remain (undestroyed). Calculate from them, O you 
of noble descent, the ahargana and the (mean) longitude of the 
Moon. 

The following is the solution of this example : 

Revolution-number of the Moon reduced to minutes_ 68167872 
civil days in a yuga 86225 

Multiplying 25 by 86225 and dividing the product by 60, the 
quotient is 35927. This is the residue of the minutes (Kalasesa)? We 
have, therefore, to solve the pulveriser 

68167872 x— 35927 

S6225 y > 

where x denotes the required ahargana and y the Moon's mean longitude 
in terms of minutes. 

By the usual process 3 , we get 

x = 70091. 
y = 55412633'. 

Hence the required ahargana^ 70091 days, and the Moon's mean 
longitude=4 signs 23° 53' 25". 

15. The signs and degrees (of the mean longitude of Mars) 
have been carried away by the hurricane; the residue of the 



1 Answer : Ahargana = 106141; Sun's mean longitude = 3 signs 32° 
52'23"H'". For complete solution see supra, pp. 35-36. 

2 Vide supra, chapter I, stanza 46(ii), p. 33. 
8 Vide supra, chapter I, stanzas 42-44, p. 30. 
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degrees is 73. Say what is the (mean) longitude of Mars and 
also what is the ahargana. 

The following is the solution of this example : 

Revolution-n umber of Mars reduced to degrees _ 13780944 
civil days in a yuga ~ 26298625' 

The pulveriser to be solved is therefore 

13780944s — 73 __ 
26298625 =y> 

where x denotes the required ahargana and y the mean longitude of Mars 
in terms of degrees. . 

Solving the pulveriser by the usual process, we get 
x = 17420617 
y = 9128711. 

Hence the required ahargana=l74206V days, and the mean longitude 
of Mars=9128711°, i.e., 25357 revs., 6 signs, 11 degrees. 

16. The (mean) longitude of Mercury is 3 signs, 15 
degrees, and 5 minutes. Considering this give out the days 
elapsed (i.e., the ahargana) and also the revolutions performed 
by him. 

The following is the solution of this example : 

Longitude of Mercury = 3 signs 15° 5' 
= 6305'. 

Now 

' * revolution-number of Mercury 896851 



civil days in a yuga 78895875 

Therefore multiplying 6305 by 78895875 and then dividing the pro- 
duct by 21600, we get 23029559 as the quotient. This is the residue of 
the revolutions. Thus we have to solve the pulveriser 

896851a: — 23029559 . 
78895875 

where x denotes the ahargana and y the required revolutions. 
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By the usual method, we get x = 74350409 and y = 845180. 

17. The signs, degrees, and minutes of the (mean) longi- 
tude of Jupiter have been destroyed by a mischievous child ; 
nine seconds are seen to remain (undisturbed). Say therefrom 
the ahargana and the mean longitude of Jupiter. 

The following is the solution of this example : 

R evolution-number of Jupiter reduced to minutes 26224i28 
civil days in a yuga 5259725 

Multiplying 9 by 5259725 and dividing the product by 60, we obtain 
788958 as the quotient. This is the residue of the minutes. Then we have to 
solve the pulveriser 

26224128* — 788958 = 
5259725 

where x denotes the ahargana and y the longitude of Jupiter in terms of 
minutes. 

Solving the pulveriser, we get x = 2269811, = 11316906', i.e., 
523 revs., 1 1 signs, 5 degrees, 6 minutes. The required ahargana is there- 
fore 2269811 days, and the mean longitude of Jupiter is 11 signs 5° 6' 9". • 

18. The revolutions, etc., up to the minutes of the (mean) 
longitude of Venus are destroyed ; 10 seconds are seen to re- 
main intact. Of Saturn, 17 seconds are found to remain in- 
tact. Quickly say (the mean longitudes of) them and also the 
ahargana (in the two cases). 

The following is the solution of this example : 

Revolution-number of Venu s reduced to minu tes _ 505611936 
civil days in a yuga *5259725 ' 

Multiplying 10 by 5259725 and dividing the product by 60, the 
quotient is 876620: this is the residue of the minutes. The resulting 
pulveriser is 

505611936 jc — 876620 _ 

5259725 y ' 

where x is the ahargana and y the corresponding I&igitude of Venus in 
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minutes. Solving this pulveriser, we get x = 4081170, y = 392318660. 
Hence the «tar««ij«=4081170 days, and the correspond.ng mean longitude 
of Venus = 10 signs 24° 20' 10". 
Austin 

rev olution-number of Saturn reduced to minutes = 10552608 
' dvil days in a yuga 5259725 

Multiplying 17 by 5259725 and dividing the product by 60 the 
quotient is 1490255 : this is the residue of the minutes. The resu.ting 

P ulveriSCriS 10552608 x- 1490255 = v 

5259725 ' 

where x denotes the ahargana ahdy the mean longitude of Saturn in 
minute, Solving this pulveriser, we get x = 3308510, y = 6637877. 
Hence the required ahargana = 3308510, and the mean longitude of 
Saturn = 3 signs 21° 17' 17". 

19 The sum of the (mean) longitudes of Mars and the 
Moon is calculated to be o Isigns, 7 degrees, and f . minutes. .0 
you well versed in the (Arya)bhda-tantra, quickly say the 
and also the (mean) longitudes of the Moon and 

Mars. 1 

The following is the solution of this example : 
Mean longitude of Mars + mean longitude of the Moon = 5^ns 7 9 

sumof the revolution-numbe rs of^r^ndJheMoon = W0|^ 
~ ^civil daysman 26298625 

Multiplying 9429 by 26298625 and dividing the product by 21600, 
the quotient is 11480080 : this is the residue of. the revolutions. We have 
therefore to solve the pulveriser 

1000836 x — 1 1480080 = v 
26298625 

where x is the required ahargana. Solving the pulveriser, we get x = 
tZ$5 From Xs ahargana^ can easily calculate the mean longitudes 
of Mars and the Moon. 



i For Govinda Svaml's modification of this example, see supra, 
chapter I, under st*nza 52. 
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20. The difference between the mean longitudes of Mars 
and Jupiter is exactly 5 signs. Say what is the number of 
days elapsed since the beginning of Kaliyuga and what are the 
(mean) longitudes of Jupiter and Mars. 1 

21-22.' The Sun and Moon on a Sunday at sunrise are 
carefully seen by me in (the sign) Libra. The degrees of their 
(mean) longitudes are 12 and 2 respectively ; the minutes are 
1 and 40 respectively. After how many days will they assume 
the same longitudes again (at sunrise) on a Thursday, Friday, 
and Saturday respectively? (It is also given that) the (mean) 
longitude of the Sun is in excess by 17 seconds (over that given 
above); whereas from the (mean) longitude of the Moon (given 
above 18 seconds have to be subtracted. 2 

That is to say, 

the Sun's longitude=6 signs, 12 degrees, 1 minute, and 17 seconds ; 
and the Moon's longitude =6 signs, 2 degrees, 39 minutes, and 42 seconds. 

Calculation will show that the Sun and Moon assume these longi- 
tudes on a Sunday 7500 days after the commencement of Kaliyuga. 

The problem now is to find out the aharganas when the Sun and 
Moon again assume the same longitudes at sunrise on a Thursday, Friday, 
and Saturday respectively. This is done as follows : 

(i) Ahargana for Thursday. Let the corresponding ahargana be 7500 
+A. Obviously, in A days the Sun and Moon will describe complete revo- 
lutions. Also since Thursday is four days in advance of Sunday, therefore 
A— A will be perfectly divisible by seven. In other words, 

576^ 78898.4 and A— 4 
210389' 2155625'. 7 

will be whole numbers. If we assume A = 131493125-Jf, 3 the first two 

1 This example has been solved in chapter I under stanza 52. See 
supra, p. 44. 

* Bhaskara Vs example, occurring in his comm. on A, ii. 32-33. 
s This number is the L.CM. of 210389 and 2155625, 



224 



EXAMPLES 



fractions will obviously be whole numbers, land we have only to make 
(131493125X— 4)/7 a whole number. Let 

131493125X— 4 _ Y 

7 

or = Z, where Y = 18784732JT+Z. 

Solving this equation, we find that X = 4 makes (131493125JST — 4)/7 
a whole number. Therefore, the required ahargana 

= 7500-M 

= 7500+131493125Z 

= 75004-131493125 x4 

= 525980000 days. 

(ii) Ahargana for Friday. In this case, the required ahargana is 
obviously equal to 7500+131493125x5, i.e., 657473125 days. 

(iii) Ahargana for Saturday. In this case, the required ahargana = 
7500+131493125x6 .= 788966250 days. 

23. The revolutions, etc., of the Sun's (mean) longitude, 
calculated from an ahargana plus a few riadis elapsed, have now 
been destroyed by the wind ; 71 minutes are seen by me to 
remain intact. Bay the ahargana, the sun's (mean) longitude, 
and the correct value of the riadis (used in the calculation). 1 

24-24*. Some number of days is (severally) divided by the 
(abraded) civil days for the Sun and for Mars. The (resulting) 
quotients are unknown to me ;. the residues, too, are not seen 
by me. The quotients obtained by multiplying those residues 
by the respective (abraded) revolution-numbers and then divid- 
ing (the products) by the respective (abraded) civil days are 
also blown away by the wind. The remainders of the two 
(divisions) now exist. The remainder for the Sun is 38472 ; 
that for Mars, 77180625. From these remainders severally 



1 This example has been solved in Chapter I under stanza 49. See 
supra, p. 40. 



AUTHORSHIP AND APPRECIATION OP THB WORK 225 

calculate, mathematician, the aharganas for the Sun and 
Mars and also the ahargana conforming to the two residues and 
state them in proper order. 1 

One example on the determination of the latitude : 

25. The Sun being at the end of (the sign) Gemini, the 
length of the night is 21 ghatis. Calculate and give out the 
latitude and also the colatitude of the place.* 

Authorship and appreciation of the work : 

26. This Aryabhata-karma-nibandha ("a compendium of 
astronomical processes based on the teachings of Aryabhata I"), 
which has clear expressions and simple methods (of calculation) 
and which can be comprehended even by those with lesser 
intellect, is written by Bhaskara after full deliberation. 

27. Whatever occurs in this work regarding the projec- 
tion and calculation of solar eclipses (etcetra), which are dealt 
with by giving numerous rules with clear meaning, also finds 
place elsewhere ; and what does not find place here does not 
occur anywhere else. 



1 This example has been solved in Chapter I under stanza 52. See 
supra, p. 45-46. 

8 Assuming the obliquity of the ecliptic to be : 23°30\ the required 
latitude comes out to be 61°45' approx. . 



QUOTATIONS 
from the Maha-BhasJcarlya in Later Works 

Passages from the Maha-Bhaskanya occur as quotations 
in the following commentaries : 

(1) Sankaranarayana's commentary (869 A. D.) on the Laghu- 
Bhaskariya. 

(2) TJdayadivakara's commentary (1073 A. D.) on the Laghu- 
Bhaskariya. 

(3) Suryadeva's commentaries on the Aryabhutlya and the 
Laghu-mawasa. _ 

(4) Makkibhatta's commentary (1377 A. D.) on the Siddhanta- 

iekhara. 

(5) Paramesvara's commentary (1408 A. D.) on the Laghu- 
Bhaskariya. 

(6) Nilakantha's commentary (c. 1500 A. D.) on the Aryabhatlya. 

(7) Govinda SpmayajI's commentary, entitled BaSadhyap, on 
the Brhajjataka of Varahamihira. 

(8) Visnu Sarma's commentary (c. 1363) on the Vidya-madha- 
viya. 

Below we refer to these passages and to the places where 
they occur as quotations. 

1. Passages quoted by Sankaranarayana. 



Passages quoted 



Quoted under 



MBh, i. 8 
MBh, iii. l(ii) 
MBh, iii. 33 (ii) 
MBh, iii- 63-65 
MBh, iv. 33 
MBh, iv. 55 
MBh, v. 14 
MBh, vi. 44 



LBh, i. 15-16. 
LBh f iii. 1-3. 
LBh, vi. 23-25. 
LBh, viii. 4. 
LBh, ii. 27. 
LBh, ii. 7. 
LBh, v. 4. 
LBh, vii. 1-2. 



Quotations 

2. Passages quoted by Udayadivakara. 



Passages quoted 

MBh, ii. 2(ii) 
MBh, ii. 4(i) 
MBh, iii. 25 
MBh, iii. 26 
MBh, iv. 4(ii) 
MBh, iv. 38 
MBh, v. 12(i) 
MM, v. 33 
MBh, v. 43 (ii) 
MBh, v. 77 
MM, vi. 56-58 
MBh, vii. 20(i) 



Quoted under 



LBh, i. 23 
LBA, i. 27 
LBh, iii. 7-10 
LBh, iii. 7-10 
ZM, i. 24 
LBh, ii. 41 
£M, v. 15 
LBh, v. 15 
LBh, iv. 17 
LM, iv. 21 
LBh, vii. 12 
£M, iv. 2 



3. Passages quoted by Suryadeva. 



Passages quoted 



Quoted under 



MBh, i. 4-6 I, iii. 6 

MBh, i. 41 A, ii. 33 

MM, v. 33-35 LMa, iv. 14 
MM, vi. 48, 52, and LMa, iv. 6-7 
53 

MBh, v. 75-76 LMa, iv. 14 

MM, vii. 23(iv). LMa, iv. 3 



4. 



QtJOTATlO^i 

Passages quoted by Makkibhatta. 



Passages quoted 


Quoted under 


MBh, I 25(1) 


SiSe, i, 40-41 (i) 


MBh, I 40(ii) 


SiSe, i. 3 


MBh, iv. 23(ii) 


ii. 49 


Passages quoted by Paramesvara. 


Passages quoted 


Quoted under 


MBh, iii. l(ii) 


LBh, iii. 3 


MBh, v. 14 


LBh, v. 11-12 


MBh, v. 15-16(i) 


im, v. 11-12 


MBh, vi. 45 


LBh, vii. l-2(i) 


Passages quoted by Nilakantha. 


Passages quoted 


Quoted under 


MBh, i. 41 


2, ii. 32-33 


MBh, i. 42 (ii)-43(i) 




MBh, i. 45, 46, 47 




MBh, I 50 


» 


itfBfli, i. 51 (i) 




MBh, iv. 2-6 


i, iii. 22-25 



QUOTATION* 



229 



Passages quoted 

MBh, iv. 35 
MM, v. 6 
MBh, vii. l(i) 
MBh, vii. 19, 20 
MBh, vii. 35 



Quoted under 

A, iii. 3 
A, iii. 22-25 
A, ii. 32-33 
A, iii. 12-15 



Passages quoted in the Dasadhyayi. 1 
Passage quoted : MBh, iii. 9. 
Quoted under : BJ, i. 19. 

Passage quoted by Visnu fckrma. 

Passage quoted : MBh, vii, 20 (ii) 
Quoted under : ViMa, i. 19. 



1 Vide Sudhakara Dvivedi, Ganaka-tarahgirfi, p. 14. 



GLOSSARY 
of Terms used in the Maha-Bhaskariya 



Am6a{m) (1) Part, fraction. 
(2) Degree (°). 

Amiaka (aw^) Degree. 

Am&uimt (af^TTTcr) Sun. 

Aksa (3tst) (l) Latitude. (2) 
Five. 

Aksakarna (arsT^PT) The hypote- 
nuse of the equinoctial 
midday shadow (of the 
gnomon). 

Aksakoti (arsrqrtfk) Colatitude. 
Also, sometimes, the Rsine 
of colatitude. 

Aksaguna (aTSFFr) The Rsine of 
latitude. 

Aksacapa (st^ft) The arc of 
latitude, or simply latitude. 

Aksacapaguna (^^VJ^m) The 
Rsine of latitude. 

Aksajiva (sPSTsftaT) The Rsine 
of latitude. 

Aksajya (ajsr^TT) The Rsine of 
latitude. 

Aksabhaga (srerow) The degrees 
of latitude. 

Aksavalana (arenrenr) See Valana. 

Aksasya valanam (ststft «mhh) 



Aksavalana. See Valana. 
Aksam&a (srsrrer) The latitude 
of a place, terrestrial lati- 
tude, or simply latitude. 

Aksam&aka (srsmrer) Same as 
Aksam&a. 

Aksonnati (srsfterfa) Inclination 
of the (Earth's) axis, i.e., 
the latitude of the place. 

Agata {^m) Untraversed por- 
tion ; portion to be travers- 
ed. 

Agni (arfrr) Three. 

Agra (m) (1) End. (2) Resi- 
due, remainder (3) Agra. 

Agraguna (arrnrT) The Rsine of 
Agra. 

Agra (am) The arc of the celes- 
tial horizon lying between 
the east point and the point 
where a heavenly body 
rises, or between the west 
point and the point where 
a heavenly body sets. 

Anga (w) Six. 

Ahgaraka (3PTR^) Mars. 

Angula (aPTW) Finger-breadth. 
A unit of linear measure- 
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ment defined by the breadth 
of eight barley corns. 
Acalafi^) (1) Seven. (2) Fixed. 
To make acala in astronomy 
means to apply the method 
of successive approxima- 
tions. 

Aja (m) The sign Aries. 

Ativakra (qfa^) A planet is 
said to be ativakra when 
it is in the middle of its 
retrograde motion. 

Adri (arf?) Seven. 

Adhika-masa (vfenmm) Inter- 
calary month. The Inter- 
calary months denote the 
excess of the lunar (synodic) 
months over the solar 
months in a certain period. 
Thus intercalary months in 
a yuga= lunar months in a 
yuga — solar months in a 
yuga. 

A true intercalary month is 
one in which the Sun does 
not pass from one sign into 
the next. 

Adhikabda (srfq+i^) Intercalary 
year, i.e., a collection of 
twelve intercalary months. 
See Adhikamasa. 

Adhikaha (arfspTrrf) Intercalary 
day, i.e., intercalary tithi. 



Adhimasa (srfsrqw) Intercalary 
month. See Adhikamasa. 

Adhimasaka (arfsnTT^Rr) Same as 
Adhimasa. 

Adhimasa&esa (3rfenn?r#qr) The 
residue of the intercalary 
months. 

Adhva (3n*r) The distance of a 
place from the prime meri- 
dian. 

Adhva Same as Adhva. 

Adhvana (w&th) Same as 

Adhva. 
Anudii (snrfatT) Parallel. 
Anupata (3R7T3T) Proportion. 

Anuloma (spTsfta) Direct. A 
planet is said to be anuloma 
when its motion is direct, 
i.e., from west to east. 

Antyaguna (sfciptw) See Antya- 
jlva. 

Antyajlva (ar^sffal) The cur- 
rent E-sine-difference, i.e., 
the Ksine-difference corres- 
ponding to the elementary 
arc occupied by a planet. 
In Hindu trigonometry a 
quadrant of a circle is divi- 
ded into 24 equal parts, 
called elementary arcs. 

Antyajya (sF&wfi) Same as 
Antyajlva. 
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Antyaphala (wuvfft) Maxi- 
mum correction due to 
mandocca or maximum 
correction due to Sighrocca. 
The former is equal to the 
Tadius of the manda epicycle 
and the latter is equal to 
the radius of the sighra 
epicycle. 

Apakrama (an^r) Decimation. 

Apahramaguna (stt^PFT) The 
Rsine of decimation. 

Apakraniajya (arrw^T) The 
Rsine of decimation. 

Apahramadhanu (arqw*^) The 
arc of declination, or simply 
declination. 

Apqgama (wnr) Decimation. 

Apacaya (3?wr) Decrease. 

Apama (3FTT) Declination. 

Apamadhanu (arnrsR) The arc 
of declination, i.e.. declina- 
tion. 

' Apamo gunah (mw\*m:) The 
Rsine of declination. 

. Apavarta (srq^) The greatest 
common divisor ; abrader. 

Abdapa (ar^i) The lord of the 
year, i.e., the planet which 
is the regent of the first 
day of the year. 



Abdhi (arfaj) Four. 

Abhyasa (sparer) Multiplication. 

Abhra (sro) Zero. 

Amrtatejas (anm^r^r) Moon. 

Amrdadidhiti (vwsitMz) Moon. 

Ambara (ar^T) Zero. 

Ambaroruparidhi (^fmfr^) 
The word ambara means, 
according to Hindu astro- 
nomers, "that part of the 
sky which is illuminated by 
the rays of the Sun." 'The 
word ambaroruparidhi like- 
wise means "the periphery 
of the illuminated sphere 
of the sky". 

Ayana (w) The northward 
or southward course of 
a planet, particularly 
the Sun. The ayana of a 
planet is north or south 
according as the planet lies 
in the half-orbit beginning 
with the sayana sign Capri- 
corn or in that beginning 
with the sayana sign Cancer. 

Ayuta (ar^r) Ten thousand. 

ArJca (aw) (1) Sun. (2) Twelve. 
Arkaputra (zf^H^) Saturn. 

Arkavarsa (sppcpf) Solar year. 

Arkasambhava ( masa) {^4^-^ 
trrcr) Solar month. 
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Ardhacaturtha Three 
and a half (3£). Lite- 
rally, four minus half. 

Ardhapancaka (asr sfo -s ftre ?) or 
Ardhapancama (arsM^nr) 
Four and a half (4§). 
Literally, five minus half. 

Ardhavistara (srsrf^n:) Semi- 
diameter, radius, or 3438'. 

Ardhastamiia (sTsrfarfacr) Half- 
set. 

Avanati (^^r) (1) Meridian 
zenith distance. (2) Celestial 
latitude. (3) Parallax in 
celestial latitude. 

Avanatilava (aicMftM?) The 
degrees of meridian zenith 
distance. 

Avanatilavajiva (3f«HnH «Ml«tr) 
The Rsine of avanatilava. 

Avanatiliptika (sMnfafafMi+i) 
Janata' in minutes of arc. 

4«ma (spsrft) Zenith- 
distance. 

Avama (wr) Omitted lunar 
days or omitted to'JMs. 

Avamaratra'sesa (sr^TTTWW) 

The residue of the omitted 

lunar days. 
Avamaiesa (zftppm) The 

residue of the omitted 

lunar davs. 



Avalambaka (sresrrspjr) ( j ) 
Plumb. (2) The Rsine of 
colatitude. 

Avalambakaguna (ar^n^ 5 ?^) 
The Rsine of colatitude. 

Avaiesa (siwr) Remainder. 

AviUsta (arfafw) Obtained by 
applying the method of 
successive approximations. 

Aviiesakama (srfMr^qpnf) The 
distance (lit. hypotenuse) 
obtained by the method 
of successive approxi- 
mations. 

Aviiesaharma (arfawfnf) The 
method of successive 
approximations. 

Aviiesana (srf^w^) To perform 
Aviiesaharma. 

Avtiesatiihi (arNfafrfa) The 
tithi (i.e., the time of 
apparent conjunction of 
the sun and Moon) obtained 
by the method of succes- 
sive approximations. 

Avtiesariadj, (3Tfawrr#t) The 
nad/is obtained by the 

method of successive appro- 
ximations. 

Aviiesavidhi (^fkmfefa) See 
Avtiesaharma, 
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AviSlim (arfirfirerar) Same as 

AvUista. 
Avisama (srfopr) Even. 
A&vi (srf^) Two. 

divin (3rf?^r) Two. 
Asti (arfe) Sixteen. 

dsakrt (swf^r) Repeatedly, or 
by using the method of 
successive approximations. 

dsvta (arfer) (1) Dark. (2) The 
unilluminated part of the 
Moon's disc. (3) Saturn. 

Asita-pahsa (srf&nrer) The dark 
half of a lunar month. 

Asu (3rcj) A unit of time equi- 
valent to 4 seconds. 

Asrhtanu (srcrtgnr) Mars. Mars 
is called asrhtanu (asrh= 
blood, tanu= body) because 
it is red in colour. 

Asia (to) Setting. 

AstaMla (ararctra) Time of 
setting. 

Astalagna (shkhh) The setting 
point of the ecliptic, i.e. 
that point of the ecliptic 
which lies on the western 
horizon. 

Astasutra (a^cf^) The rising- 
setting line {uday astasutra). 

Astodayagrarehha (3roM nA^l) 
The rising-setting line. 



Ahargana (ar^fw) The number 

of days elapsed since the 

beginning of Kaliyuga (or 

any other epoch). 

Aharmana (s^rfa) The length 
of day. 

Akoratra (sr^rm) A day and 
night, a nychthemeron. 

Ahoratra-vishambha {s^xr^fk- 
tspsr-) Day-radius. 

Ahriam ganah (srft *m:) Same 
as Ahargana. 

Ahriam nicayah (sr^r fa^PT: ) 
Same as Ahargana. 

AkaSa (siwrcr) Zero. 

Apya (an^r) Purmsadha, the 

twentieth naksatra. 
Ayama (affirm) Length. 
Ara (str) Mars. 
ArJci (srrfc) Saturn. 

ASa (an^T) (1) Direction. (2) 
Ten. 

Asanna (smrsr) Approximate. 
Astamiha (srKdRH) Pertaining 
to sunset. 

Asphujit (an?iffcr) Venus. 

Ahnika (arrffprr) (I) Pertaining 
to day. (2) A special 
astronomical term used by 
Bhaskara I. See M Bh, i. 
16-18. 

Ina (Vf) (1) Sun. (2) Twelve. 
Indu (1) Moon. (2) One, 
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Inducca (%^) Moon's apogee, 
i.e., the remotest point of 
the Moon's orbit. 

Indriya (?foqr) Five. 

Indvahah (^If:) Lunar day or 
tithi. 

Isu (^) Five. 

Isla (w^) Given, or desired, or 

chosen at pleasure. 
Ucca (3^) The ucca is the 
apex of a planet's orbit. 
It is of two kinds: (1) 
mandocca, i.e., the apex of 
slow motion, and (2) 
tiiigkrocca, i.e., the apex of 
fast motion. In Hindu 
astronomy, the mandocca 
is defined to be the remo- 
test point of the planet's 
orbit where the planet 
appears smallest 1 . It is 
therefore the same as the 
"apogee" of modern astro- 
nomy. The Sighrocca of the 
superior planets is an imagi- 
nary body which remains 
in the same direction as the 
mean Sun ; that of an in- 
ferior planet lies approxi- 
mately in the same direction 
from the Earth a s the actual 
planet is from the Sun. 



UccabhuHi (s^^fa^r) (Daily) 
motion of the ucca ; apsidal 
motion. 

Utkrama (^jt) Reverse order. 

XJtkramaguna (^wpjt)) Same 
as Utkramajya. 

Utkramajlva (^c^MmI^t) Same as 
Utkramajya. 

Utkramajya (^c^t^tt) Rversed- 
sine (= Radius x versed- 
sine). 

Uttara (3tT*) North. 

Uttargola (^vft^) Northern 
hemisphere, i.e. the hemi- 
sphere lying to the north of 
of the equator. 

J] dak (^^) North. 

Udayajya (v^m) The agra of 
the rising point of a planet's 
orbit. 

Udayaprana (^srm) Times of 
rising of the signs measured 
in asm. 

Udayarasipranapinda (^TTTfw- 
^Twffe) The time in asus of 
rising of the rising sign. 

Udayalagna {^w^) The rising 
point of the ecliptic, i.e., the 
horizon-ecliptic point in the 
east. 



1 m ^t: «rtprt j*pjf?qr *^c«tid *r sn+m^T ^reff?ra: i See 
Bhaskara I's comm. on A, iii 4(i). 
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Udayasu (^prrg;) Times of rising 
(of the signs) in asus. 

Udyastamaya (s^ttc^pft) Rising 
and setting. 

Unnati (ssrfa) Elevation. 

U'paraga (^TFl) Eclipse. 

Usnatejas (i^m) Sun. 

Usnadldhiti (^mfiiMz) Sun. 

Rtu (^5) Six. 

Aindragna (^jf^t) The 
name of the sixteenth 
naksatra Visakha. 

Aindrl (Offi) East. 

Oja (afar) Odd. 
Kakubh (*Pf ^T) Ten. 
Zafeya(^T) Orbit of a planet. 
lfara/a&a(^*T) The sign Virgo. 

Kapala (^isr) Hemisphere. 

Karana (^t) (l)Process; work- 
ing. (2) The name of one 
of the principal elements of 
the Hindu Calendar. 

Karkata{^4z) ( 1 )A pair of com- 
passes. (2) The sign Cancer. 

Kama (fcwH 1 ) The hypotenuse 
of a right-angled triangle. 
(2) The distance of a planet. 

Karnasutra Hypotenuse- 
line. 

Kala (*P«rT) Minute of arc. 

Kalakarna (^tstfpt) The true 
distance of a planet in 
minutes of arc. 



Kalanam iesah H i snr:) The 
residue of the minutes 
(kalaSesa). 

Kaliyuga (^fwr) According to 
Bhaskara I, Kaliyuga is a 
period of 1080000 solar 
years. The current Kali- 
yuga began on Friday, 
February 18, B. C. 3102, at 
sunrise at Lanka. 

Karmuka (?Pi^>) Arc. 

Kalabhaga (^t^twt) Degrees of 
time. A degree of time is 
equivalent to 60 asus or 10 
vinadis, 

Kastha (^s) (1) Arc. (2) 
Direction. 

Kastha (^t^st) Direction. 

Kilaka (sFtenP) Gnomon. 

Kilakagragurm{^\^W^i) Same 
as Sankvagra. 

Kuja (fpr) Mars. 
Kujasa (f sttsit) South. 
Kutita (f fcT^r) Retrograde. 
Kutta (jf) Pulveriser. See 
Kuttakara. 

Kuttana{&*) The Process of 
solving a pulveriser {Kutta- 
kara). 

Kuttakara (ffT^rc) Pulveriser. 
Equations of the type 
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N—ax-\-r=by+s (1) 
or ax — c—by (2) 
are called in Hindu mathe- 
matics by the name kutta- 
kara. A kuttakara (pul- 
veriser) is called sagra 
(residual) or niragra (non- 
residual) according as it is 
of the type (1) or (2). 

Kumbha{^)The sign Aquarius. 

Kulira (f tftr) The sign Cancer. 

Krta ($c[) Four. 

Krti (frfa) Square. 
Krttika (^frr^T) The name of 
the third naksatra. 

Kendra (%^) (1) Anomaly. The 
kendra is of two kinds: 
manda-kendra and iighra- 
kendra. The manda-kendra 
of a planet is equal to "the 
longitude of the planet 
minus the longitude of the 
planet's mandocca (apogee)," 
and the f%ghm-kendra of a 
planet is equal to the '^longi- 
tude of the planet's fighrocca 
minus the longitude of the 
planet." (2) Centre. 

Kendrajya (%^^n) The Rsine of 

kendra. 
Koti (*?rfe) See Bahu. 
Kotika (sFtfe^O Same as Koti 



Kotiphala (^ftfe^) The result 
obtained by multiplying 
the Rsine of koti due to a 
planet's kendra by the epicy- 
cle and dividing the result- 
ting product by 360. 

Kotisadhana (*frrfe*rreR) Same as 
Kotifhala. 

Krama (^r) (1) Serial order. 

(2) Odd quadrant. 
Kramaguna (^wr) Same as 

Kramajya. 

Kramajya fow*m) Rsine ( = 
Radius X sine). 

Kranti (^Tf%) Declination. 

Kriya {Tm) The sign Aries. 

Ksamadina ($wife«T) Civil day. 

Ksitiguna (f^rfcnrw) Same as 
Ksitijya. 

Ksitijaguna (fefawm) Same as 
Ksitiguna. 

Ksitija (fsFT%5TT) A corrupt form 
of Ksitijya. 

Ksitvjiva (faf^ftaT) Same as 
Ksitijya* 

Ksitijya (faf*R*n) Earthsine. 
The distance between the 
rising-setting line and the 
line joining the points of 
intersection of the diurnal 
circle and the six o'clock 
circle. 



Ksitidhara (fa-farr) Seven. 

Ksitiputra (fafayr) Mars. 

Ksitimaurvl (%f<pftff) Same as 
Ksitijya. 

Ksipti (fafer) Celestial latitude. 

Ksetranirmana (sfoftwfq-) Celes- 
tial longitude. 

Ksepa (m) Quantity to be ad- 
ded. 

Ksonidhara (sftoftar) Seven. 
Kha (^r) Zero. 

Khamadhya Meridian. 
Khecara (fax) Planet. 

Gagana (to) (1) Meridian. (2) 
Zero. 

Gaganasya vrttam (wrcir =rrf) 
The circumference of the 
sky. See Ambaroruparidhi. 

Gana (im) Used in the sense 
of Bhagana. 

Gata (m) Traversed, elapsed. 

Gati (»rt%) Motion. Generally 
used in the sense of "daily 
motion". 

Gantavya {w^q) To be traver- 
sed. 

Guna (*ft) (1) Multiple or multi- 
plication.^) Rsine. (3)Three. 

GunaJcara ('TTOT) Multiplier, 

coefficient. 
Gunapratana (tpwcTr) Rsine. 
Gunaplala (^prow) Bahuphala 
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Guru (ini) Jupiter. 

Grha (^) Sign. 

Go (*ft) The sign Taurus. 

Gola ('fta') Hemisphere. 

Golahhanda (iffa^) The semi- 
diameter of the (celestial) 
sphere. (?fter= sphere, w*z 
=half) 

Golabheda (ifr<?r#?) Same as 
Golakhanda. (§3=w^—ha\f ) 

Groha (?rf) (i) Planet. (2) 
Eclipse. 

Grahaganita (v^if^) Astrono- 
my. 

Grahacara (t^ttt) Motion of a 
planet. 

Grdhana Eclipse. 
Grahatanu (?r^nr) A special 

term used by Bhaskara I. 

See MBh, i. 29. 

Grahadeha (?r^) Same as 

Grahatanu. 
Grdhayoga (T^frr) Conjunction 

of planets. 
Grahanam tanuh (^rwi ?pj:) 

Grahatanu. 

Grahoparaga (q^t<ra*r) Eclipse. 
Grasa (*T*r) (1) Eclipse. (2) 

Measure of an eclipse. 

(2) Beginning of an 

eclipse. 
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Grasamadhya (vmif&f) The 
middle of an eclipse. 

Grasaialaka (*T3W*Pr) A needle 
(or line) of length equal to 
the portion of the diameter 
eclipsed. 

Grasadi (*Frrfe) The beginning 
of an eclipse. 

Grahaka (qrp?) The eclipsing 
body, the eclipser. 

Grahya (*T^r) The eclipsed 
body. 

Ghatika (srf^FT) Same as Ghatl. 
Ghatl (*rsr) A unit of time 
equivalent to 24 minutes. 

Ghana (sft) Cube. 

Gliata (Tier) Product, multipli- 
cation. 

Cakra (=5pf>) Circle, twelve signs, 
or 360°. 

Caturasra (-^<M) Quadrilateral. 

Candra (^sr) (1) Moon. (2) 
One. 

Candraka Same as 

Candra. 

Cara (^x) Ascensional differ- 
ence. It is defined by the 
arc of the celestial equator 
lying between the six- 
o'clock circle and the hour 
circle of a heavenly body 
at rising. 



Caradala (^?^5T) Ascensional 

difference. See Cara. 
Cala (^t) Slghrocca. 
Calocca (^<hW) Slghrocca. 

Capa (^tt) (1) The sign Sagit- 
tarius. (2) Arc. 

Cara Motion or daily 

motion. 

Citra (fam) The name of the 
fourteenth naksatra. 

Caitra (%) The name of the 
first month of the year. 

Chaya (^ftt) (l) Shadow. (2) The 
Rsine of the zenith dis- 
tance. 

Chayadairghya (ot*tfIs?t) Same 
as Bhucchayadairghya. 

Chflyabhramana (^rt^ftt) The 
path of the end of the 
shadow (of the gnomon). 

Chidra (fes) Nine. 

Cheda (#?) Divisor or denomi- 
nator. 

Chedyaka Projection, or 

graphical representation. 
Jaladhara (st^tsr;) Four. 
Jaladhi (^rfk) Four. 

Jalapadik (wrf^) West. 

JaleSadik (srwsrfor) West. 
Jina (ftR) Twenty -four. 
Jim (sfta) Jupiter. 
Jlvadina (sftafcr) Thursday. 
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Jtva (sftaT) (l)Rsine (= Radius 
X sine). (2) The Rsine- 
differences corresponding 
to the twenty-four divisions 
of the quadrant. 

Jwabhukti (sftamfar) True daily- 
motion derived with the 
help of the table of Rsine- 
differences. 

Juka (^) The sign Libra. 

Jna (*r) The planet Mercury. 

Jya (wi) Same as Jiva. 

Jyasankalita (szrrcf^faw) Used 
in the sense of "the given 

Jya". 

Jyau Jupiter. 

Tatpara (tRW) Third of arc, 
i.e., one-sixtieth of a second 
of arc. 

Tattva (^) Twenty-five. 

Tantra (cpr) Principle, doctrine, 
theory, rule, method. Also, 
a class of astronomical 
works. 

Tama (?PT) (1 ) The shadow of the 
Earth), particularly, the 
section of the shadow cone 
where the Moon crosses it, 
by a plane perpendicular 
to the axis of the shadow 
cone. (2) The Moon's as- 
cending node, 



Tamomaya (wftm) The Moon's 
ascending node. 

Tardka (?ir<*l) Star. 

Tara (cTTTt) Star. 

Taragrdha (m^T^) The star- 
planets. The planets Mars, 
Mercury, Jupiter, Venus, 
and Saturn are called star- 
planets {taragrdha) in 
Hindu astronomy. 

Tigmamhu (fiF*mr) (1) The Sun. 
(2) Twelve. 

Tithi (frfa) (1) Lunar day 
(called tithi). (2) Time of 
conjunction or opposition 
of the Sun and Moon. (3) 
Time of beginning, middle, 
or end of eclipse. (4) 
Fifteen. (5) Thirty. 

Tithifrandia (fofwnw) Omit- 
ted tithis. 

Tithyanta ($m*$) Time of con- 
junction or opposition of 
the Sun and Moon. 

Tiryak (for*) (1) Oblique. (2) 
Transverse. 

Tunga (^t) Same as Ucca. 

Turiya (%fri) One-fourth. 

Tula (<£*t) The sign Libra. 

TuTadhara {^mx) The sign 
Libra. 

Trigrhaguna (fa^T) The 
Rsine of three signs, i.e., 
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the radius or 3438'. 

Trijya (Er»n) Radius or 3438' . 

Tribhavana (fawr) Three signs. 

Trimaurvl (f^nfWf) Radius. 

Trairaiika (wftpfr) Rule of 
Three. 

Bala (sr?r) Half. 

BaSaguna (^ifpt) The ten 
Rsines, viz. Sun'a udayajya, 
Sun's madhyajya, Sun's 
drkksepajya, Sun's drgjya, 
Sun's drggatijya, Moon's 
udayajya, Moon's madhya- 
jya, Moon's drkksepajya, 
Moon's drgjya, and Moon's 
drggatijya. 

DaSajiva (smtt) Same as 
Baiaguna. 

Basra (^) Two. 
Dahana (^r) Three. 
DO; (fopj (1) Direction. (2) 
Ten. 

(f^F) Direction. 

Bitisiinupujita ( fcfa^f^ ) 
Venus. 

Dina (far) (l)Day. (2) Fifteen. 
Dwagana (fe*R*r) Same as 

Binamana (fe^TR) Measure (or 

length) of the day. 
DinaraM (fcnafir) Ahargana. 



Binanam ganah (F^THt irr:) 
Same as Ahargana. 

Bivasa (Eras) (1) Day. (2) 
Ahargana. 

Bivasagunardha (fcro^Tw) The 
day radius. 

Bivasajlva (fc^rcrsfteT) The, day 
radius. 

Bivasayqjana (fc^RPTtspr) The 
number of yqjanas that a 
planet traverses in a day. 

Bivasavistarabheda (f^srfe^T- 
The day radius. 

Bivaguna (form) The day ra- 
dius. 

Bivicara (fefrr*) (1) Seven. 

(2) Planet. 
D^. (fer) (1) Direction. (2) Ten. 
Brkksepa (^T) The drkksepa 
is the shortest arcual dis- 
tance of the planet's orbit 
from the zenith. It is also 
used for the Rsine of that 
distance. 
Brggati (^fa) Arc correspond- 
ing to the Brggatijya. 
Brggatijya The drgga- 

tijya is the distance from 
the zenith of the plane of a 
planet's circle of celestial 
longitude, or the Rsine of 
the shortest distance from 
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the zenith of a planet's 

circle of celestial longitude. 
Drgguna (frrpr) The Rsine of 

zenith distance. 
Drgjlva (frcfcrr) The Rsine of 

zenith distance. 
Drgjya (f^n) The Rsine of 

zenith distance. 
Drdha (ff) Prime. 

Mya-candra (fw^j) The longi- 
tude of the Moon corrected 
for the visibility- correc- 
tions. 

Devapujya (^*r) Jupiter. 

Devarmntri (^*rfcr) Jupiter. 

DeSaJcala (^row) Used in the 
sense of detentara-kala, i.e., 
the longitude-correction in 
terms of time. 

Deiajata-hala (^RTcPPm) See 
Deiakala. 

DeSantara (^iw<) The longi. 
tude of the place. That is, 
either the distance of the 
local place from the prime 
meridian, or the difference 
between the local and stan- 
dard times. 

De&antara-lcarma (^rnwr-^f) 
Correction for the longitude 
of the place, the longitude- 
correction. 



De&antara-gJiati (^TRn>s?£t) De- 
Santara in ghatis. 

Deha Used in the sense of 
grahadeha. See Grahadeha. 

Dyugana (^m) Ahargana. 

Dyujya (&*u) The day radius. 

Dyidi (sr%) Shadow (meaning 
"the shadow of the gno- 
mon"). 

Dyuti-karm (%fzm) The hypo- 
tenuse of the shadow (of 
the gnomon). 

Dyudala (^r) The day radius. 
Dyurati (wtifw) Ahargana. 
Dyuvyasa (s[°Jror) The day 
radius. 

Dyuvyasahhanda (sr=*nw?) The 
day radius. 

Dyuvyasa-bheda (^pKTT^rfc) The 
day radius. 

Dyuvaysardha (spxfmw) The day 
radius. 

Dvyagra (sw) A sagra Jcutta- 
Iflra (residual pulveriser) 
with two residues. 

Dhana (sr) Addition. 

Dhanistha (srfassr) The name of 
the twenty -third naksatra. 

Dhanuh (snj:) (l) Arc. (2) The 

sign Sagittarius. 
Dhanuh-hhanda {^fv.w^) In 

Hindu astronomy, the qua- 
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dranfc of a circle is divided 
into twenty-four equal parts 
and these parts are known as 
kastha, dhanu, dhanuhkha- 
nda, dhanurbhaga, etc. 

Dhanurbhaga (£R^k) 225'. 

Dhanus (^) (1 ) Arc ^ 22g , 

Dhanvin (gf^R) The sign 
Sagittarius. 

Dharamdma (^vftfa) 
. day. 

Dharadivasa (sRTfcrcr) 
day. 

Dharasuta (zrwjp) Mars. 
Dhatridhara (srrfteR:) Seven 
Dhrti Eighteen. 
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aenithdistance. (2) Celestial 
latitude as corrected for 
parallax in latitude. (3) 
Parallax in latitude. 
Natijya (frf^n) The Esine of 
the meridian zenith dista- 
nce. 

Nanda (^) Nine. 
Nabha (w) Zero. 

NaraM (1) The sign Gemini. 
(2) Gnomon. (3) The Rsine 
of altitude. 

^Ott) The Rsine of altitude. 
Nadika {^fk^T) A unit of time 

equivalent to 24 minutes. 
■Nadi (?rnft) See Nadika. 
Niraksa (faw) Equator. 



Dhruvaka A technical 

term. See MBh, i.- 29. 

2V«fo^(^)(l,Sta, (^Aster- Nirakfasu (f^) Asm of the 

ism. (3) Twenty-seven. right asce nsion, i.e., the 

Naksatragana (^^m) Same tim e in asws of rising at the 

as Bhagana. the equator. 

Naksatra-bheda (^?) Occul- Nira pavartita (ftxwfaz) Una- 

tation of stars. braded, unabridged. 



iVaHa (^-) Twenty. 

Naga (?nr) Seven. 

Natahhaga (t?ptft) The degrees 
(bhaga) of zenith distance 

i^a^mia(?r^rm) Zenith distance. 
2Va^' (?rfcr) (l) The meridian 



NiSalmm (T^m^) (l) Moon. (2) 
One. 

NUcahkriya ($VF&fcm\) Method 
of successive approxima- 
tions. 

Nihivasalava Asus. 
Nr (*) Gnomon. 
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Netra (^r) Two. 

Nemi ftfk) Circumference, peri- 
phery. 

Pdksa (tst) (1) Lunar fortnight, 
period from new moon to full 
moon, or from full moon to 
new moon. (2) Two 

Pada (re) (1) Quadrant. (2) 
Square root. 

Parakranti (<TTwf%) (Sun's) 
greatest declination, or ob- 
liquity of the ecliptic. 

Paramapama (TTmw) Same as 
Parakranti. 

Paridhi (<TfTfer) (1) Circumfere- 
nce, periphery. (2) Epicycle. 

Parilekha (Tf^Nr) Projection, 
graphical representation. 

Parvata (T#^r) Seven. 

Parvamadhya (rew) The mid- 
dle of the eclipse. 

Pala (<T*r) Latitude. 

Palajlva (T^psfter) The Rsine of 
the latitude. 

Palajya (w*qT) The Rsine of 
the latitude. 

Palabhaga (tsptit) The degrees 
of the latitude. 

Palangula (qsrr^r) Used in 
the sense of 'palabhangula', 
i. e., the angulas of the 
equinoctial midday shadow. 



Pahm&a (isrrer) The degrees of 
the latitude. 

PaScardha (<np*rref) The western 
half. 

Pata (trt) The ascending node 
of a planet's orbit (on the 
ecliptic). 

Patabhaga (ttcT^tft) The degrees 
of the longitude of the asc- 
ending node. 

Puskara (3^) Three. 

Purvalagna (^W^) The hori- 
zon-ecliptic point in the 
east. 

Pankti (tffcry Ten. 

Pratirnandala (srfaww) Ecc- 
entric. 

Pratimandala-karma (srfiws- 
*Rff) Processes under the 
eccentric theory. 

Prdbha (snrr) (1) The shadow of 
the gnomon. (2) The Rsine 
of the zenith distance. 

Prahyastithiriam (5FRtfl%*rtet) 
Omitted lunar days; 

Prastara (jt^ttt) The state- 
ment of possible combina- 
tions in a serial order. 

Praggrasa (srFSTtf) The first 
contact in an eclipse. 

Prana (snT) Same as Asu. 

PrakyaraSmi ( mfljufiiq ) One. 
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Pronnati (sffrrfe) Altitude. . 
Phala (m) (1) Kesult. (2) Cor- 
rection. 

Bava (*nr) The first of the 
seven movable karanas. 
The karana is one of the 
five important elements of 
the Hindu Calendar. 

Bahula (srp-) The nakmtm 
Krttika. 

Bahu(wr%)(l) The base (of a 
right-angled triangle). The 
upright of a right-angled 
triangle is called M.(2)The 
bahu corresponding to a 
planet's anomaly. This is 
the arcual distance of the 
planet from its apogee or 
perigee whichever is nearer. 
Suppose that Q is the 
anomaly of a planet (or 
any arc, whatever). If 
is less than */2, itself is 
the bahu; if is greater 
than but. less than n, 
[tt—9) is the bahu ; if is 
greater then # but less than 
3tr/2, (0-ir) is the bahu; and 
if is greater than 3ic/2, 
(2*— 0) is the bahu. The 
complement of the bahu is 
called koti. 

Bahuka (snf^r) Same as Bahu. 



Bahujya (srif sjtt) The Rsine of 
the bahu (of a planet's 
anomaly). 

Bahuphala (sngw) See notes 
on MBh, iv. 6. 

Bahoh phalam (srrft; qj$f) Same 

as Bahuphala. 
Bimba (faRr) The disc of a 

planet. 

Bimbardha (fafimf) The semi- 
diameter of the disc. 
BudhaSa (mim\) North. 
(?r) Twenty -seven. 

(spt) The naksatra 
Purva-phalguni, the regent 
of which is Bhaga. 

BJtagana (ww) (1) The revolu- 
tion-number of a planet, i.e., 
the number of revolutions 
that a planet performs in 
a certain period. The 
revolutions given by 
BKashara I correspond to a 
yuga, i.e., to a period of 
43,20,000 years. (2) The 
naksatras. (3) Twelve 
signs (or 360°). 

Bhava (?nr) Eleven. 
Bhavana (wr) Sign. 

Bhaga (*tpt) (1) Part, fraction. 

(2) Division. (3) Degree. 
Bhagalabdha (m^ssr) Quotient. 
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BhagaSesa (^PTCfcr) The residue 

of the degrees. 
Bhagahara Divisor. 
Bhagaharaka (str^tt^) Same as 

Bhagahara. 
BKdjya (*tr?j) Dividend 
Bfidrgava (*rm) Venus. 
Bhidah (fas:) Half. 

Bhukti (wfcr) Motion, or daily 
motion. 

Bhuja\ , m) Same as Baku. 

BhujE (^ri) Same as Bhuja. 

Bhujdntara (*nrRR;) Correction 
for the equation of time 
due to the eccentricity of 
the ecliptic. 

Bhujaphah (tow) The equa- 
tion of the centre. 

Bhucohaya The Earth's 

shadow. 

BhuccJidyadairghya (^^Rit^) 
The length of the Earth's 
shadow, i.e., the distance of 
the vertex of the shadow 
cone from the Earth's 
centre. 

Bhujya (*£rtt) See Ksitijya, 

Bhuta (w<r) Five. 

Bhudina (wfor) Civil day. 

Bhudicasa (?Tfe^r) Civil day. 



Bhudhara (*tstt) Seven. 

Bhubkrt (w) Seven. 

Bhumidina (wfafor) Civil day. 

Bhrgu (m) Venus. 

Bhrguja (wsr) Venus. 

Bheda (1) Half. (2) Occul- 
tation of a heavenly body. 

Bhoga (?r>r) Motion. 

Bhauma (sffcr) Mars. 

Maghavadguru (wr^re) Jupi- 
ter. 

Magfia (w) Name of the 
tenth naksatra. 

Mandala (wst) Circle; a col- 
lection of 12 signs. 

Mandalamadhya (*T*s*rrrs*r) The 
centre of a circle. 

Mali (*rftr) An optional num- 
ber. 

Matsya (T^) Fish-figure. 

Madhu (m) Caitra, the first 
month of the year. 

Madhyakranti (*Ts^Tfar) The 
declination of the meridian- 
ecliptic point. 

Madhyacchaya (-RW^WT) The 
midday shadow (of the gno- 
mon). 

Madhyajatah lambakah (f^r^w. 

The upright due to 
the meridian-ecliptic point, 
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i.e., the Rsine of the alti- 
tude of the meridian ecliptic 
point. 

Madhyajya (owm) The Rsine 
of the zenith-distance of 
the meridian-ecliptic point ; 
the meridian-sine. 

Madhyaparinisthitalambaka 
(^<rftfafe5P*PF) Same as 
Madhyajatah lambakah. 

Madhyalagna (+jwhh) Meridian- 
ecliptic point. 

Madhyasuryavanama (w^wk- 
ffTT) The zenith distance of 
the midday Sun, or the 
meridian zenith distance 
of the Sun. 

Madhyavanati (*twii«hRi)' The 
zenith distance of the 
midday Sun. 

MandaJcendra (iFzfcz) Manda 
anomaly (= longitude of the 
planet minus longitude of 
the planet's apogee). 

Mandapata (^hm) Bee MBh, 
vii. 30. 

Mandaphala Correction 
due to the planet's man- 
docca. In the case of the 
Sun and Moon, the equation 
of the centre. ! 

Mandamaurviphalctcapa (*T*z- 
*NTw?nr) Same as Mand- 
aphala. 



Mandavrtta (n^iri) Manda 
epicycle. 

Mandasiddha Cor- 
rected for the mandaphala. 

Mandasiddhi(W3ffl%)CoTTection 
(of a planet) for the manda- 
phala. 

Mandantyafiva (t^f^^t) The 
present Rsine-difference 
corresponding to the 
mandaJcendra i.e., the Rsine- 
difference of the elementary 
arc in which the planet 
lies. 

Mandocca The apogee 

of a planet. See Ucca. 

MandoccaJcarna (^V™*!) See 
MandaJcarna. 

Mandoccahendra (h^^^s) See 
MandaJcendra. 

Mancloccavrtta 
Manda epicycle. 

Mithuna (fop) The sign 
Gemini. 

mna (*fta) (1) Fish-figure, 
(2) the sign Pisces. 

Muni (*rfr) Seven. 

Mula (*r?r) Square root. 

Mrga (*t*t) The sign Capricorn. 

Mesa (w) The sign Aries, 
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Maitra (fcr) The naksatra 
Anuradha, the regent of 
which is Mitra. 

Molcsa (T"tsr) The separation 
of the eclipsed body after 
an eclipse. 

Mauriha (iftfer) Minute of arc. 
Maurvl (*frff) Rsine. 
Y antra Instrument. 

Yama (^) (1) Saturn. (2) 
Name of the second 
naksatra Bharani, whose 
divinity is Yama. (3) Two. 

Yamala {mw) Two. 
Yamya South. 

Yamyagola. (mwniW) The 
southern hemisphere, i.e., 
the hemisphere lying to the 
south of the equator. 

Yamyottara (wp&faT.) South- 
north. 

Yamyottarayata ( mm*humd ) 

Directed south-to-north. 
Yugala (3^) Two. 
Yugma (qw) Even. 

Yoga (?rk) (1) Addition. (2) 
Conjunction of two heaven- 
ly bodies. 

Yogaiam (sftwu) Junction- 
stars. These are those 
prominent stars of the 
twenty-seven naksatras 



which were used by the 
Hindu astronomers for the 
study of the conjunction 
of the planets, especially 
the Moon, with them. 

YogabJmga (^TfaffiFT) The 

degrees of the longitudes 
of the junction-stars. 

Yojana (zffapr) The yojana is 
a measure of distance. 
The length of a yojana has 
differed at different places 
and at different times. 
The yojana of Aryabhata 
I and Bhaskara I is 
roughly equivalent to 7^ 
miles. 

Randhra Nine. 

Ravi (Tfa) (1) Sun. (2) Twelve. 

Ravija (tf^sr) (1) Saturn. (2) 
A special term used by 
Bhaskara I. See MBh, i'. 27. 

Ravijadivasa A special term 
used by Bhaskara I. See 
MBh, I 28. 

Rasa (t*t) Six. 

Rama (m) Three. 

Ra'si (Tifa) (1) Quantity. 
(2) Sign. 

RasSjwa (tTfenfrTT) The Rsine 
of one sign, i.e., Rsin (30°). 

Rutin (TTf ) The Moon's ascend- 
ing node. 
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Rudra Eleven. 
Rudhira (^ftrr) Mars. 
Rupa (^t) One. 

Lagna (wi) The horizon- 
ecliptic point in the east. 

Laghutantra (gPN?M) Short or 
simplified method. 

Lanka (*TfT) A place in 
latitude and longitude. 
Also see supra, p. 47. 

Lankara^yudaya 

Times of rising of the signs 
at Lanka, or right ascen- 
sions of the signs. 

Lankodaya («i$l<w) Times of 
rising (of the signs) at 
Lanka, or right ascensions 
(of the signs). 

LabdJia (w®) Quotient. 

Lamba (strt) The Rsine of the 
colatitude (of the place). 

Lambdka (w^) The Rsine of 
the colatitude. 

Lambakaguna (<tfM ^nr) Same as 
Lambaka. 

Lambana (sfspt) Parallax in 
longitude ; or, in parti- 
cular, the difference be- 
tween the parallaxes in 
longitude of the Sun and 
Moon, 
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Lambanalipta (^^rtt) 
Lambana in longitude in 
terms of minutes of arc. 

Lambanantara (^TRfrRfT) The 
lambana-difEerence. 

Lambanantaranadika (sFsnTRrc- 
TTfosty The nadis of the 
Zam&awa-difference, or the 
ta&ana-difference m 
terms of nadis. 

Lava (l) p ar t 5 portion, 

fraction. (2) Degree. 

Lipta \fw^n) Minute of arc. 

Liptika (faferaJr) Same as Lipta. 

Liptika vipurva (f^Pfn - fo$=r?) 
Viliptika ; second f 
arc. 

Vakra («p?) Retrograde. 
Vakragati (w%) Retrograde 
motion. 

Vakragamana (wfpt) Retro- 
grade motion. 

Vakrlgraha (^for$) A planet 
in retrograde motion. 

Vacasam patik (wr <rfa:) 
Jupiter. 

Vatsara (^i^j) Year. 

Vapu (*r$) The body (globe or 

disc) of a planet. 
Varga (sro) Square. 
Vartamana (*f£m^) Present, 

current, 
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Vartmmnaguna (^ttpftt) The 
present (or current) Rsine- 
difference, i.e., the Rsine- 
difference of the element- 
ary arc occupied by a 
planet. 

Varsapa The lord of the 
year, i.e., the planet after 
whose name the first day 
of the year bears its name. 

Valana (spjff) Deflection. Val- 
ana relates to an eclipsed 
body. It is the angle subten- 
ded at the body by the 
arc joining the north point 
of the celestial horizon and 
the north pole of the eclip- 
tic. Valana is generally 
divided into two compon- 
ents, (i) Aksavalana and (ii) 
Ayanavalana. The Aksa- 
valana is the angle subten- 
ded at the body by the arc 
joining the north point of 
the celestial horizon and 
the north pole of the equ- 
ator. The Ayanavalana is 
the angle subtended at the 
body by the arc joining the 
north poles of the equator 
and the ecliptic. 
The Valana is also defined as 
follows : The great circle of 
which the eclipsed body is 



the pole is called the hori- 
zon of the eclipsed body. 
Suppose that the prime 
vertical, equator, and the 
ecliptic intersect the horizon 
of the eclipsed body at the 
points A, B and C towards 
the east of the eclipsed 
body. Then arc AB is 
called the Aksavalana, arc 
BC is called the Ayana- 
valana and arc AC is 
called Valana. 

Valana is also called spatta- 
valana. 

Vasu (3$) Eight. 

Vdhni (erff ) Three. 

Varum .fawrt) West. 

Vi (fa) Celestial latitude. Evi- 
dently, Vi is an abbre- 
viated form of viksepa. 

Vikala (fwrr) Second of arc. 

VikastJia (fa$V&) The arc of 
celestial latitude. 

Viksipti (fafsrfo) Celestial lati- 
tude. 

Viksepa (fern) Celestial lati- 
tude. 

Viksepajya (foa^r) The Rsine 
of celestial latitude. 

Viksepamia (f«r#mi) The deg- 
rees of celestial latitude, 
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Vighatika (ftt&fi) A unit of 
time, equivalent to 24 se- 
conds. 

VidiS (fafew) Contrary direc- 
tion. 

VinadiJcd (fwf^T) Same as 
Vighatika. 

Viriadi (fspTRt) Same as Vim- 
diha. 

Viparitaguna (feTOcnrr) Rver- 
sed-sine. 

Vipulacchaya (f^rj^r^RT) Great 
shadow, meaning "the Rsi- 
ne of the zenith distance". 

Vipulanara (fag^TT) Great 
gnomon, meaning "the 
Rsine of altitude." 

Vimandala (faww) The orbit 
of a planet. 

Vimardardha Half the 

duration of totality of an 
eclipse. 

Vimaurika (fWtfo*) Second of 
arc. 

Viyat (faw) Zero. 

Vilagna (few*) The horizon- 
ecliptic point in the east. 

Vilipta (fafsRrr) Second of arc. 

Viliptika (fsrfcrfo^T) Same as 
Vilipta. 



Vivara (fa^T), Difference, inter- 
vening space. 

Vifftkh* (fomm) Name of the 

sixteenth nahsatra. 
Viiesa (fidfa) Difference. 
Vtilesa {fsre#r) Difference. 
Viiva (fas*?) Thirteen. 
Visama (few) Odd. 
Visaya (fwr) Five. 

Visuvajya (f^T^TT) The Rsine 
of the latitude (of a place). 

Visuvat (ten^r) The equator. 

Visuvatkarna (fcPj^oT) The 
hypotenuse of the equi- 
noctial midday shadow. 

Visuvatprabha (f^^snTT) The 
equinoctial midday sha- 
dow. 

VisuvadudayaraHpranapinda 
(fa^rf^TOfanrFTfre) Time in 
asus of rising of the signs 
at the equator, i.e., right 
ascension of the signs in 
terms of asus. 

Vislcambha (fa^RT) Diameter. 

Visnuhrama (fa^hM) Three. 

Vistara (f^rc) Same as Vistara. 

Vistara (fa*5TK) (1) Diameter. 
"Vyasa, vishambha, and 
vistara are synonyms", says 
Bhaskara I. (2) Length, 
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breadth, etc. "Aydma, vis- 
fara, and dairghya are 
synonyms," says Bhaskara 
I. 

Vihangama (f^w) Planet. 

Yihaga (fap) Planet. 

Vihayas (fafrw) Zero. 

Vrtta(T3)(l) Circle. (2) Epi- 
cycle. 

Vrttasankhya (^riwn") The 
length of the circumference 
of a circle. 

Vrnda (^=?) Cube. 

Vrsa (m) The sign Taurus. 
Yeda Four. 

Velakutia (tsTrfj?) Time-pul- 
veriser. See notes on MBh, 
i. 49. 

Vai&hrta (#?r?r) An astronomi- 
cal phenomenon. See MEh, 
iv. 35. 

Vaisuvati chaya (t^cft ^ptt)- 
The equinoctial midday 
shadow. 

Vyatipata An astro- 

nomical phenomenon. See 
MBh, iv! 35. 

Vyasa (s^rcr) Diameter. 

Vyasakhania (&mwm) Radius. 

Vyasakhandanicaya (oirra*sPi¥- 
same as Vyasakhanda. 



Vyasardha (sinw) Radius or 
3438". 

Vyoma (mt*{) Zero. 

Sakrataraka (tort) The 
naksatra Jyestha, whose 
regent is Indra. 

Sakraguru (TOre) Jupiter. 

Sanku (wf) (1) Gnomon. (2) 

The Rsine of altitude (of a 

heavenly body). 

Sankvagra (sT^^nr) The dis- 
tance of the projection of 
a heavenly body on the 
plane of the celestial hori- 
zon from the planet's ris- 
ing-setting line. 

Sankvagrajiva (^^w^ftwr) 
Same as Sankvagra. 

Satabhisak (srafrrw) The nak- 
satra Batabhikha. 

&apharika (wzfvw) A fish- 
figure. 

Sam (wc) (1) .Rversed -sine. 
(2) Five. 

Sa&iftfa) (1) The Moon. (2) 
One. 

Satija (sifcm) Lunar. 
Satin (snf?R) One. 
Sikhi (%%) Three. 
Silimukha ( RmI^ ) Five. 
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Siva (fa*r) Eleven. 
Sighra (wtsf ) Same as S%ghroc- 
ca. 

Sighrakarna (sftsr^r) The dis- 
tance of a planet obtained 
by the Stghrocca process. 

Sighrakendra (sftsr^) The 
Sighra anomaly. SeeKendra. 

Sighrahendraphala (sftsr^S"^) 
Sighraphala, i.e., correction 
due to the Hghrocca. 

Sighrajah karnah (sftsrsr: q?w:)= 
Sighrakarna. 

Sighranyayaptacapa (^ftsT^TPTT- 

t^m)^=8ighr'aphala. 
Sighraparidhi ffimtt®) Sighra 

epicycle. 

&lghrapata (sftsTTRr) See MBh, 
vii. 31. 

Sighravrtta (sftsrerr) Sighra epi- 
cycle. 

Sighrasiddha (sftsTfirs) Correc- 
ted for the iighraphald. 

Sighrantyajiva (wV5?R*F>rtaT) The 
present Rsine-difference re- 
lating to the Sighra (ken- 
dra). 

Sighrocca (sftsft^) See Ucca. 

* r 

Sighroccavrtta (*fttfM<jxl) Sighra 

epicycle. 
SUtakirana (wl<3pF<«r) (1) Moon. 

(2) One. 



SitaraAmi .( vfkKfiw ) (1) Moon. 
(2) One. 

S^attt^w (tftarcr) (1) Moon. (2) 
One. 

$w£Za (w^r) The illuminated 
part of the Moon's disc; 
the phase of the Moon. 

Srngonnati (*i ^tefa) The ele- 
vation of the Moon's horns. 
Saila (ww) Seven. 
Sodhana (sfisw) Subtraction. 

Sodhaniya (sfte*fta) A subtrac- 
tive quantity technically 
called Sodhaniya or tiodhya. 
See MBh, I 28. 

r t 

Sodhya (sftsar) See Sodhaniya. 

SauUya (sffa^r) The illuminated 
part of the Moon's disc. 

feravana (sprr) (1) Name of the 
22nd natex&m. (2) The Hy- 
potenuse (of a right-angled 
triangle). 

Samshrta ^rc$cr) Corrected. 
Sakalaguna (spfpft) Radius, or 
3438'. • 

Sanhalita (*R>focr) Sum, total. 

Sannati (wfa) Meridian zenith 
distance. 

Soma (m) Even. 

Samamandala (*perw?r) The 
prime vertical. 



254 



GLOSSARY 



Samamandalaja chaya (tfJHWH- 
5TT $FTT) The prime vertical 
shadow. 

Samarmndala&anku (wwRf) 
The Rsine of the prime 
vertical altitude. 

Samarehha (w^tm) The prime 
meridian. 

SamaUpta (wfam) Two planets 
are said to be samaUpta 
(^nrf^Rr) when their lonsi- 
tudes are equal up to 
minutes. 

Samavalambajya (^^^n^n) 
The Rsine of the colati- 
tude. 

Sarvapama (qtfw) The grea- 
test declination (of the 
Sun), i. e., the obliquity of 
the ecliptic. 

S&gara (m^tx) Four. 

SarpamastaJca An 
astronomical phenomenon. 
See MBh, iv. 35, 

Simha (f%$) The sign Leo. 

Sita(fwi) (l) The iUuminated 
part of the Moons's disc ; 
the phase of the Moon. (2) 
The light half of the month. 
(3) Venus. 

SitaMiagd (%tPsf*r) Venus. 

Sitapaksa (%?rcsr) The light 
half of a lunar month, light 
fortnight. 



Sitabindu (%rf%£) That point 
of the Moon's diameter 
which lies at the end of 
the illuminated part of the 
Moon. 

Sitamana (farm*) The mea- 
sure of the illuminated part 
of the Moon's disc. 

Surariathaguru (^T?ri«PT^) Jupi- 
ter. 

Surapadih (<£<hR«p) East. 

Suredya (g^r) Jupiter. 

Suri (^fr) Jupiter. 

Surya (^f) (l) Sun. (2) Twelve. 

Suryakaksya fapfawT) The orbit 
of the Sun, the ecliptic. 

Suryaja (^Nr) Saturn. 

Saimhikeya (#*f^%q") The ascen- 
ding node of the Moon's 
orbit. (Saimhikeya* liter- 
ally means Rahu, son of 
Simhika). 

Somaja (tffcrsr) Mercury. 
Somasunu (tfta^) Mercury. 
Saumya (^j) (1) North. (2) 

The naksatra Mrgasira. (3) 

Mercury. 

Sauri (sftfr) Saturn. 

Sthiti (ft*rfa) Duration (of an 
eclipse). 

Sthitidala (IwRr^r) Half the 
duration (of an eclipse). 



Sthityardha (ft«R*nf) Half the 
duration (of an eclipse). 

Sthula (^) Gross, approxi- 
mate. 

Sparia (sw) Contact. 

Spariakdla (?T9N>m) Time of 
the first contact (in an 
eclipse). 

Spasta (*"?*£) True, corrected. 

Sphuta (**§?) True. 

Sphu'amadhya (t"*g£Hwi) True- 
mean ; the true-mean pla- 
net. 

Spkutamadhyama 

Same as sphutamadhya. 
SphiUayqjana (Wi&fa*) Used in 

the sense of sphvtayqjana- 

harna. 
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SphutaycjanaJcarna (*M»diiV»M+«I) 
The true distance (of a 
planet) in terms of yqjanas. 

Sphutavrtta Oftj^tT) True or 
corrected epicycle. 

Svara (&k) Seven. 

Harija Horizon. 

Hara (^it) Divisor. 

Hararaii (^luiftl) Divisor. 

Himam&u (f^^nrr) (1) Moon. (2) 
One. 

Hina (ffr) (1) Less. (2) Omit- 
ted lunar day (hinadivasa). 

Hmadivasa (^Rfk^) Omitted 
-lunar day. 

Hinaratra (fffarn - ) Same as 
Hinadivasa. 

Hufa&ana (prepr) Three. 



